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ABSTRACT

PHYSICAL ACTIVITY AND MATERNAL/FETAL OUTCOMES IN A PREGNANT
LATINA POPULATION
FEBRUARY 2009
AUDRA L. GOLLENBERG, B.S., RENSSELAER POLYTECHNIC INSTITUTE

Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Lisa Chasan-Taber

Physical activity guidelines encouraging activity among healthy pregnant women
have been issued by the Centers for Disease Control and Prevention, yet Latina women
remain more sedentary than non-Latina white women. Latina women are also at higher
risk for gestational diabetes mellitus and, among Latina women, Puerto Rican women
have the highest rates of low birth weight and preterm-related infant death. This
dissertation utilized data from the Latina GDM study, a prospective cohort study of 1,231
Latina women recruited early in pregnancy and followed through delivery. Participants
were interviewed in early and mid pregnancy for assessment of sociodemographics,
acculturation, medical, and behavioral factors, in addition to administration of the Kaiser
Physical Activity Survey for assessment of physical activity and sedentary behaviors.
Birth outcomes were abstracted from medical records following delivery.
In the first chapter, we assessed the prevalence of three health behaviors (meeting
physical activity guidelines, meeting fruit/vegetable consumption guidelines, and
cigarette smoking) in early and mid pregnancy and identified multiple factors associated

v

with meeting health behavior guidelines in pregnancy. In the second chapter, we
examined participation in sedentary behaviors, such as time spent TV watching, sitting at
work, and low levels of sports and exercise, in pre, early and mid pregnancy in relation to
maternal glucose intolerance and gestational diabetes mellitus. In the final chapter, we
analyzed four types of physical activity (sports/exercise, household/caregiving,
occupational, and active transportation) as well as total activity in relation to risk of
preterm birth and small-for-gestational age.
Findings represent the first study of physical activity and maternal/fetal outcomes
conducted exclusively among Latina women, a group largely understudied in
epidemiologic research. Results will guide culturally specific intervention programs in
this high risk population.
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CHAPTER 1
DIETARY BEHAVIORS, PHYSICAL ACTIVITY, AND CIGARETTE SMOKING
AMONG PREGNANT LATINA WOMEN

1.1 Introduction
In the U.S., the Latin American population is the fastest growing ethnic group due
to increased fertility rates and immigration (1, 2). By 2030, Latin Americans are expected
to be the largest minority group in the United States (2). Substantial health disparities
exist between Latinos and non-Latino whites; Latinas are more likely to have lower
income and education, to be uninsured and report worse overall health than non-Latino
whites (3). Important disparities also exist between the heterogeneous Latin subgroups (49). For example, while Latinas more often have delayed prenatal care as compared to
non-Latina white counterparts, this difference is most marked among women of Puerto
Rican descent (10). Latina women are more likely to be overweight or obese during
pregnancy and to gain excessive weight (11). Despite the increasing size of this
population and the observed health disparities, little is known regarding prenatal health
behaviors and factors associated with these behaviors in Latina women.
Increasing evidence suggests that health behaviors during pregnancy such as
dietary intake, physical activity, weight gain, and substance use can affect the health of
both the mother and fetus (12-19). For example, physical activity in pregnancy has been
associated with reduced risk of gestational diabetes mellitus (GDM) (19, 20), preeclampsia (16, 21) and excessive maternal weight gain while inadequate maternal
nutrition has been linked with preterm delivery and intrauterine growth restriction (221

24). However, little is known regarding prenatal health behaviors and factors associated
with these behaviors in Latina women. Latina women have two to four times the risk of
developing GDM compared with non-Latina white women (25). While Latinas have been
reported to have a low risk of adverse fetal outcomes (termed the “epidemiologic
paradox”) (26, 27), this has been mainly noted among Mexican-Americans. Indeed,
Latinas of Puerto Rican descent have an elevated risk of low birth weight (LBW) and
poor neonatal health outcomes as compared to other Latina groups (10, 27-29),
suggesting that the “epidemiologic paradox” may not hold true for Puerto Rican women
(26, 27).
In response to mounting evidence regarding the effects of substance use, diet, and
physical activity on perinatal morbidity and mortality, the Institute of Medicine (IOM),
the American College of Obstetricians and Gynecologists (ACOG), and the American
Dietetic Association (ADA) have set forth guidelines for health promoting behaviors in
the prenatal period (15, 18, 30). Specifically, the IOM recommends that physicians
prioritize prevention or cessation of cigarettes, alcohol, and drugs during pregnancy (18).
Similarly, the ADA and ACOG recommend that pregnant women consume 7 or more
servings of fruits and vegetables per day for optimal nutrition (15, 31). ACOG also
suggests that, in the absence of either medical or obstetric contraindications, pregnant
women adopt the Center for Disease Control and Prevention’s guideline of 30 minutes or
more of moderate-intensity physical activity on most, and preferably all, days of the week
(30, 32).
The proposed study will identify risk and protective factors for engaging in health
behaviors during pregnancy that may be used for targeted intervention strategies in Latina
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women. Specific goals are to: 1) estimate the prevalence of meeting guidelines for
pregnancy health behaviors set by the IOM, ACOG, and ADA in both early and midpregnancy among Latina women of predominantly Puerto Rican descent; and 2) identify
demographic, acculturation, medical, and behavioral factors associated with meeting
guidelines in this ethnic group.

1.2 Review of the Literature
Few studies have examined predictors of meeting health guidelines in pregnancy
among Latina women and those that have been conducted were largely restricted to
Latinas of Mexican descent (33-35). Prior studies were further limited by a single
measure of behavior during pregnancy, although prenatal behaviors are likely to change
over the course of gestation.

1.2.1 Diet
Studies examining predictors for meeting fruit and vegetable intake guidelines in
pregnancy are sparse. In a study of Mexican-origin pregnant women, Harley et al.
analyzed the association between social support and acculturation factors with quality of
diet in pregnancy. Latina pregnant women (N=571) of largely Mexican descent were
enrolled during prenatal care as part of the Center for the Health Assessment of Mothers
and Children of Salinas (CHAMACOS), a longitudinal birth cohort study of the health of
pregnant women and their children living in the Salinas Valley, an agricultural region of
California. Diet was assessed once in pregnancy via a 72-item food frequency
questionnaire at the mid-pregnancy interview and rated for quality using the Diet Quality
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Index for Pregnancy (DQI-P). Women who reported immigrating to the United States in
childhood were less likely to have a high quality diet than those who immigrated as adults
(OR=0.50, 95% C.I. 0.3-1.0). Similarly, Mexican-born immigrants were more likely to
follow a high quality diet than U.S.-born Mexican-American pregnant women (36).
Finally, high paternal social support was associated with a two-fold increased likelihood
of having a high quality diet compared to those with low paternal social support (OR=2.0,
95% C.I. 1.1, 3.8).
In another study analyzing diet quality, Kieffer et al. utilized data from the 20012003 wave of the Behavior Risk Factor Surveillance System (BRFSS) to analyze health
behaviors in nonpregnant, reproductive aged women. The authors defined meeting
fruit/vegetable guidelines as consuming five or more fruit juices and/or fruits and
vegetables a day based on ADA recommendations. Among 177,420 women aged 18-44
years, the authors found that those with greater than a high school education, who met
physical activity guidelines, and were married or partnered were more likely to meet
fruit/vegetable guidelines (37). Obesity, smoking, and current employment were
associated with a decreased likelihood of meeting fruit/vegetable guidelines.

1.2.2 Physical Activity
Few studies have examined predictors of meeting physical activity guidelines in
pregnant women. The existing studies have been limited by including predominantly
white populations, single measures of physical activity during the pregnancy period, and
assessment tools with unmeasured validity.
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Using data from the BRFSS from 1994, 1996, 1998, and 2000 of which 18% of
participants were Latina, Petersen et al. analyzed physical activity information from 6,528
pregnant women. BRFSS participants were recruited from monthly, year-round random
digit dialing telephone interviews in all 50 states, the District of Columbia, Puerto Rico,
Guam and the U.S. Virgin Islands. Physical activity was assessed by the following
question, “During the past month, did you participate in any physical activities or
exercises such as running, calisthenics, golf, gardening, or walking for exercise?” If the
participant answered “yes,” then the type, frequency, and duration of the most common
leisure activities were queried and each activity was assigned a metabolic equivalent
(MET) value. Participants were divided into mutually exclusive categories for leisure
time activity based on CDC recommendations of 30 minutes of moderate activity on 5 or
more days of the week: recommended, insufficient, or inactive. The authors found that
16-20% of pregnant women met the physical activity guidelines. These women were
more likely to be younger, more educated, unmarried, nonsmokers, and to have higher
incomes (38).
In a second study examining predictors of meeting physical activity guidelines
among 1,979 pregnant women using 2000 BRFSS data, Evenson et al. observed that 16%
of pregnant women met the physical activity guidelines (39). Meeting guidelines was
associated with younger age, higher education, and excellent or very good health. Marital
status, employment, and number of children were unassociated with likelihood of meeting
these guidelines (39).
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1.2.3 Cigarette Smoking
Predictors of smoking have been widely studied among pregnant women, but few
studies have focused on Latinas. In general, lower education, white race, age <25 years,
unmarried status, and greater parity have been associated with smoking during pregnancy
(40). Among studies that included Latinas, predictors were similar (35, 41). These studies
found that increasing time in the U.S. and poorer health behaviors in pregnancy, including
drug use, were associated with an increased likelihood of smoking (35, 41).
Using nationally-representative data from 20 large U.S. cities in the Fragile
Families and Child Wellbeing Study, Perreira & Cortes analyzed data from over 3,000
(n=3,311) non-Latina white, non-Latina black, and Latina women representing 200,000
births from 1999. Women were interviewed within 3 days of giving birth regarding
prenatal alcohol, cigarette, and illicit drug use. The authors observed that foreign-born
Latina women were significantly less likely to smoke than their U.S.-born counterparts
(OR=0.10, 95% C.I. 0.04-0.3) and that smoking was increased among the poor and less
educated (41). Previous alcohol or drug treatment (OR=7.6, 95% C.I. 1.8-32.6) and
having a partner who smokes were positively associated with prenatal cigarette use
(OR=3.3, 95% C.I. 2.2-5.1) (41).
In summary, epidemiologic studies on meeting health behavior guidelines in
pregnancy are sparse and few have been conducted exclusively among Latina women.
Limitations among the aforementioned studies include only one assessment of health
behaviors during pregnancy, the use of behavior assessment tools that have not been
validated, and inclusion of small proportions of Latina women. This study was conducted
exclusively among Latina women, a group at particularly high risk for adverse maternal
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and fetal outcomes as compared to other ethnic groups, and assessed health behaviors at
two time points, early and mid pregnancy.

1.3 Summary
Latinas are the fastest-growing ethnic group in the United States and will become
the largest minority group by 2030 (2). Despite the growing size of this population, little
is known regarding their prenatal health behaviors and factors associated with compliance
with behavior guidelines in this ethnic group.
Existing epidemiologic literature on meeting health behavior guidelines in
pregnancy are sparse and few have been conducted exclusively among Latina women.
Limitations among existing epidemiologic studies include using only one assessment of
health behaviors during pregnancy, the lack of validated behavior assessment tools, and
inclusion of small proportions of Latina women. Studies on predictors of meeting
prenatal physical activity guidelines are few in number and were conducted among
predominantly white, affluent populations. In terms of smoking determinants, studies of
prenatal smoking are more numerous than other health behaviors; however, limitations
include assessing smoking only once in pregnancy or retrospectively after birth.
Moreover, predictors of meeting dietary guidelines in pregnancy are lacking among
Latinas, although one study examined dietary quality.
In conclusion, few studies have examined predictors of meeting health guidelines
in pregnancy among Latina women and those that have been conducted were largely
restricted to Latinas of Mexican descent (33, 34). Latina women are largely understudied
in pregnancy research and even more so in studies of prenatal health behaviors. Factors
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related to engagement in both healthy and risky behaviors in pregnancy need to be
explored in this population.

1.4 Study Aims
Using a population of predominantly Puerto Rican prenatal care patients, we
conducted a study to address the following aims:
1)

To identify socioeconomic, behavioral, acculturation, and medical predictors of

compliance with ADA and ACOG prenatal fruit/vegetable guidelines.
2)

To identify socioeconomic, behavioral, acculturation, and medical predictors of

compliance with ACOG prenatal physical activity guidelines.
3)

To identify socioeconomic, behavioral, acculturation, and medical predictors of

cigarette smoking in pregnancy.

1.5 Methods

1.5.1 Study Design and Population
Participants were self-identified Latinas enrolled in prenatal care in the public
Obstetrics and Gynecology (OB/GYN) and Midwifery Practice of a large tertiary care
facility in Western Massachusetts, Baystate Medical Center. Study design and methods of
the Latina GDM Study have been described elsewhere (42, 43). Briefly, participants were
recruited by bilingual interviewers at prenatal care visits up to 24 weeks of gestation
(mean = 15 weeks gestation) from September 2000 to December 2003. Eligibility criteria
included Latina ethnicity, age 16-40 years, <24 weeks gestational age at first interview,
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singleton pregnancy, no prior diagnosis of hypertension, chronic renal disease, or type 2
diabetes, and no prior participation in the study. Interviewers obtained informed consent
from participants approved by the Institutional Review Boards of the University of
Massachusetts-Amherst and Baystate Medical Center.
Interviewers collected information on substance use, medical and obstetric
history, physical activity, and sociodemographic factors at the time of recruitment.
Dietary information was assessed in mid pregnancy (mean = 23 weeks). Medical and
obstetric history as well as clinical characteristics of the pregnancy were collected from
medical records by trained medical abstractors. A subgroup of participants (n=750) were
interviewed a second time later in pregnancy to update information on substance use and
physical activity (mean = 28 weeks gestation). Women not reached for this second
interview either did not deliver at Baystate Medical Center (n=157), had a miscarriage,
pregnancy termination, or preterm birth <28 weeks (n=34), or failed to attend a prenatal
care visit or were not located by the interviewer at the clinic or by telephone (n=300).

1.5.2 Fruit and vegetable consumption
Pregnancy diet was assessed using a mid-pregnancy food frequency questionnaire
(FFQ) adapted from the National Cancer Institute (NCI/Block) FFQ designed for Latinos
in Northeastern United States (of mainly Puerto Rican and Dominican heritage) (44). This
questionnaire, adapted from the Block FFQ designed for non-Latino whites, was
validated in a population of Latinos and non-Latino whites using 24 hour recalls (44).
When 24-hour recalls were coded into original Block and adapted FAQs, intraclass
correlation coefficients between the adapted FFQ and 24-hour recalls were generally
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greater than that of the Block FFQ, ranging from 0.84 for vitamin E to 0.97 for energy
(kcal) and 0.98 for protein (g) (44).
Total servings of fruit and vegetables were calculated by summing the reported
daily number of fruits and vegetables listed on the FFQ and adjusting by a summary
measure of usual number of servings. Based on ADA and ACOG recommendations for
daily consumption of fruit and vegetables during pregnancy, those who consumed seven
or more servings/day were considered as meeting dietary guidelines during pregnancy.

1.5.3 Physical activity participation
Physical activity in pregnancy was measured using a modified version of the
Kaiser Physical Activity Survey (KPAS) (45, 46). The modified KPAS was validated
among a sample of 54 pregnant women at Baystate Medical Center using seven days of
accelerometer measurements (47). Intraclass correlation coefficients used to measure the
reproducibility of the KPAS ranged from r=0.76 to 0.86 and Spearman correlation
coefficients between the KPAS and three published cut points used to classify
accelerometer data ranged from r=0.49 to 0.59.
Participants who reported participating in sports or exercise in pregnancy listed
the activity type, frequency, and duration for up to three activities. MET-hrs/week, were
calculated for each activity using the Compendium of Physical Activities (48) and
summed to create a measure of total sports/exercise activity. Pregnant women are
advised to participate in 30 minutes of moderate activity on most days of the week, which
corresponds to a total of 2.5 hours per week. Moderate activities range from 4 to 6 METs
(a measure of physical activity intensity). Therefore, we multiplied 4 METs by 2.5 hrs to
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obtain a minimum of 10 MET-hrs per week as our definition of meeting the physical
activity guidelines. Meeting the physical activity guidelines was calculated separately for
both early and mid pregnancy time periods.

1.5.4 Cigarette smoking and alcohol consumption
Cigarette smoking was assessed using questions designed by the Pregnancy Risk
Assessment Monitoring System (PRAMS), a surveillance project of the Centers for
Disease Control and Prevention. Participants were asked to self-report the number of
cigarettes/packs of cigarettes smoked on an average day. Participants were also asked to
report the average number of days that alcohol was consumed per week or month and the
average number of drinks consumed per session.

1.5.5 Covariate Assessment
We collected information on sociodemographic variables including age, education
level, and employment by questionnaire. Medical factors including parity, pregnancy
weight gain, pre-pregnancy BMI, personal history of gestational diabetes, history of
adverse pregnancy outcome (a prior preterm birth, low birth weight neonate, infant with
congenital anomalies or stillbirth) and family history of type 2 diabetes were abstracted
from medical records after delivery. Acculturation measures included language preference
for speaking, reading, and writing, along with place of birth assessed by questionnaire.
Because cigarette smoking, alcohol consumption, and illicit drug use may be highly
correlated, we created a variable defined as engagement in 0, 1, 2, or 3 “risky behaviors”
(i.e., smoking, drinking, or using illicit drugs in pregnancy) in pregnancy.
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1.5.6 Data Analysis
Statistical analysis was conducted using SAS 9.1.3 software by SAS Institute Inc.
(SAS Campus Drive, Cary, North Carolina). Dichotomous variables for meeting each
guideline in pregnancy were evaluated as outcomes in separate multiple logistic
regression models. The likelihood of alcohol consumption was not modeled due to low
prevalence in this population (1.6%). Meeting fruit/vegetable guidelines was analyzed
both with and without high starch vegetables (legumes, potatoes, root crops and
plantains).
Sociodemographic, acculturation, and medical factors were assessed as predictors
of meeting health behavior guidelines in these models. Predictors that showed significant
(p<0.05) or borderline significant (p<0.2) association with outcomes at the bivariate level
were added to the multivariable models along with maternal age. Those predictors that
were not borderline significant at the bivariate level were added singly to the model to
determine additional improvement in model fit. Compliance with each health behavior
guideline was also considered as a potential predictor of meeting the other health
behavior guidelines. The likelihood ratio test was used to determine the best fitting model
for the data. Final multivariable logistic models were used to calculate adjusted odds
ratios and 95% confidence intervals. Tests for linear trend were calculated by modeling
ordinal variables as continuous variables using the category mid-point. For the
assessment of acculturation, only language preference was used in multivariable models
as language preference and birth place were highly correlated (p<0.0001). We evaluated
history of GDM and history of adverse pregnancy outcome as predictors of health
behaviors in analyses restricted to parous women. Finally, maternal age was not
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statistically significantly associated with cigarette smoking and meeting fruit/vegetable
guidelines, but was controlled for in these final multivariable models and not included in
the tables.

1.6 Results
Approximately 70% of the population was less than age 25 years and 55% had not
completed high school (Table 1). Nearly 90% of participants born in the continental
United States had at least 1 parent born in Puerto Rico with the remaining 10% having
parents born in Central or South America. Among those born outside the continental
United States, 84.5% were born in Puerto Rico with the remainder born in Mexico
(2.4%), the Dominican Republic (2.0%), and smaller proportions born in Central and
South America. With regard to medical factors, over 60% of participants were parous,
over 60% had a family history of diabetes mellitus and almost 50% were considered
overweight or obese by pre-pregnancy BMI standards (>25 kg/m2).
Overall, 21.1% of participants reported cigarette smoking, 1.4% used alcohol, and
5.5% reported illicit drug use during pregnancy, while 13.1% met the physical activity
guidelines (Table 2). Regarding fruit and vegetable intake guidelines, 18.5% met the
guidelines when including starchy vegetables, while 5% met the guidelines after
excluding these items. Overall, less than 1% of participants engaged in all three risky
behaviors (defined as cigarette smoking, alcohol use, or illicit drug in pregnancy), 4%
engaged in two risky behaviors, and 18% engaged in one risky behavior only.
We considered a variety of behavioral, sociodemographic, acculturation and
medical factors as potential factors associated with health behaviors in pregnancy. In
13

univariate cross-tabulations, increasing education (p=0.004) and illicit drug use (p=0.004)
were significantly associated with meeting fruit/vegetable guidelines (Table 3). Of those
who met the fruit/vegetable guidelines, 20% had completed some college or more, as
compared to 10% among those who did not meet these guidelines. Age (p=0.003),
language preference (English vs. Spanish/bilingual) (p=0.01), history of adverse
pregnancy outcome (p=0.0007), cigarette smoking (p=0.04), and illicit drug use
(p=0.003) were statistically significantly associated with meeting physical activity
guidelines in pregnancy (Table 4). For instance, of those who met the physical activity
guidelines, 85% were <25 years of age and 79% preferred to speak only English, as
compared to 71% and 66%, respectively, of those who did not meet these guidelines.
With regard to cigarette smoking in pregnancy, employment (p=0.002),
educational attainment (p<0.0001), language preference (p=0.001), birth place
(Continental U.S. vs. Puerto Rico/other) (p=0.01), meeting physical activity guidelines
(p=0.02), alcohol use (p<0.0001) and illicit drug use (p<0.0001) were significantly
associated with cigarette smoking in pregnancy (Table 5). Among smokers in pregnancy,
71% had less than a high school education, 63% were U.S.-born, 72% were parous, and
18% reported illicit drug use during pregnancy, as compared to 53%, 53%, 57% and 3%,
respectively, among nonsmokers.
In unadjusted analysis, those with a history of adverse pregnancy outcome were
significantly more likely to meet the physical activity guidelines, while those born outside
the continental U.S. and who preferred Spanish or were bilingual were significantly less
likely to meet the physical activity guidelines (Table 6). When evaluating smoking during
pregnancy, in unadjusted analyses, those with a high school education compared to those
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without a high school education, and those with greater parity were more likely to smoke.
Alternatively, those who had a college education, current employment, birthplace outside
the U.S. and those who preferred Spanish were less likely to smoke. With regard to the
fruit and vegetable guidelines, in unadjusted analyses, those who had a college education
were more likely to consume adequate fruit and vegetables while increasing prepregnancy BMI was associated with decreased likelihood of meeting these guidelines
(Ptrend = 0.009). Compliance with IOM weight gain guidelines and total pregnancy weight
gain were not associated with health behaviors.
The final multivariable model for meeting fruit and vegetable guidelines included
educational attainment, cigarette smoking, pre-pregnancy body mass index, and illicit
drug use while controlling also for maternal age (Table 7). College-educated women were
more than twice as likely to consume adequate fruits and vegetables as compared to those
who did not finish high school (including starchy vegetables: OR = 2.2; 95% C.I. 1.1-4.3;
p-trend = 0.025; excluding starchy vegetables: OR=2.5; 95% C.I. 0.9-7.1; p-trend=0.17).
Those who smoked in early or mid pregnancy were half as likely to meet the fruit and
vegetable guidelines compared to nonsmokers; however, this association was not
statistically significant when excluding the high starch vegetables (including starchy
vegetables: OR = 0.5; 95% C.I. 0.3-0.9; excluding starchy vegetables: OR=0.4; 95% C.I.
0.1-4.5). Self-reported illicit drug use was associated with increased likelihood of meeting
fruit and vegetable guidelines, both including and excluding the high starch vegetables, as
compared to nonuse. Meeting physical activity guidelines in mid pregnancy and a
personal history of GDM were also included in final multivariable models (p<0.20) but
the association with physical activity guidelines was only statistically significant (p<0.05)
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when excluding high starch vegetables (OR=3.7; 95% C.I. 1.2-11.3). Finally, increasing
pre-pregnancy BMI was associated with a decreased likelihood of meeting fruit/vegetable
guidelines when including all fruits/vegetables (Ptrend = 0.01) and the subset (Ptrend =
0.05).
Similar to the unadjusted results, the final multivariable model for meeting
physical activity guidelines included reproductive history, drug use, preferred language,
age, and education (Table 8). Those with a history of adverse pregnancy outcome were
almost 5 times as likely to meet the physical activity guidelines in early pregnancy (OR =
4.8; 95% C.I. 2.3-10.2) and 3 times as likely to meet the guidelines in mid pregnancy (OR
= 3.3; 95% C.I. 1.0-10.6) as compared to those without a history of adverse pregnancy
outcome. Those who preferred Spanish were less likely to meet the physical activity
guidelines in early pregnancy (OR = 0.6, 95% C.I. 0.3-1.0) and in mid pregnancy (OR =
0.5, 95% C.I. 0.2-1.2) compared to those who preferred English. Increasing age was
associated with a decreased likelihood of meeting the physical activity guidelines in midpregnancy (p-trend = 0.025). There was no clear association between educational
attainment and meeting physical activity guidelines in early pregnancy; however college
educated women were almost 3 times as likely to meet the guidelines in mid pregnancy as
compared to those with less than a high school degree (OR = 2.8; 95% C.I. 1.1-7.1). Selfreported drug use was associated with meeting the physical activity guidelines in both
early (OR = 2.1, 95% C.I. 1.0-4.4) and mid pregnancy (OR = 2.6, 95% C.I. 1.0-6.8).
Overall, findings were similar for both early and mid-pregnancy assessments, with the
exception of educational attainment. Unlike the unadjusted analyses, smoking status was
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not significantly associated with meeting physical activity guidelines once adjusted for
the other factors in the model.
Consistent with unadjusted results, the final multivariable model for cigarette
smoking in pregnancy included alcohol use, illicit drug use, parity, language preference,
and educational attainment while also controlling for maternal age (Table 9). For
example, those who consumed alcohol while pregnant were 4.4 times more likely to
smoke in early pregnancy as compared those who abstained from alcohol (95% C.I. 1.314.7), while drug users were 8.2 times more likely to smoke cigarettes in early pregnancy
(95% C.I. 4.6-14.6). Parous women were more than twice as likely to smoke in early
pregnancy (OR = 2.1, 95% C.I. 1.4-3.2) and mid pregnancy (OR = 2.6, 95% C.I. 1.6-4.3)
compared to nulliparous women. Women who were bilingual or spoke only Spanish were
significantly less likely to report smoking in early pregnancy (OR=0.6, 95% C.I. 0.4-0.8)
and non-significantly less likely to smoke in mid-pregnancy (OR=0.7, 95% C.I. 0.4-1.1)
as compared to those who prefer English. Increasing education was associated with a
decreased likelihood of smoking in early pregnancy (p-trend <0.0001). Findings were
similar for both early and mid-pregnancy assessments. However, meeting physical
activity and fruit and vegetable guidelines, employment status, and birth place were no
longer statistically significantly associated with cigarette smoking in multivariable
analyses.
Finally, we repeated the analysis re-categorizing the place of birth variable as
Continental U.S. or Puerto Rico vs. foreign born (as opposed to Continental U.S. vs.
Puerto Rico or foreign born) because acculturation to American behaviors may also occur
on the island of Puerto Rico (49). Findings were virtually unchanged.
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1.7 Discussion
In this prospective cohort of predominantly Puerto Rican pregnant Latinas, we
found that behavioral, medical, acculturation, and demographic factors were predictive of
meeting prenatal health behavior guidelines. Spanish language preference, an indicator of
lesser acculturation, was associated with an approximate 40% decreased likelihood of
both smoking and meeting physical activity guidelines, but was unassociated with
meeting fruit/vegetable guidelines. Illicit drug use, predominantly marijuana, was
associated with a substantial increased likelihood of smoking cigarettes in pregnancy, and
was positively associated with meeting physical activity and fruit/vegetable guidelines.
College education was associated with a 2-3 fold increased likelihood of healthy
behaviors, such as meeting physical activity and fruit/vegetable guidelines and a
decreased likelihood of smoking. Increasing age was associated with a decreased
likelihood of meeting mid pregnancy physical activity guidelines and was unassociated
with smoking or fruit/vegetable intake in this population. Furthermore, those who met
the physical activity guidelines were somewhat more likely to also meet the
fruit/vegetable guidelines, suggesting an association between healthy behaviors.
Prevalence of meeting guidelines and the association with predictive factors were largely
similar in direction and magnitude for early and mid pregnancy assessments.
Although few studies have examined predictors of meeting physical activity
guidelines in pregnant women, our findings are, in general, consistent with prior studies.
Using data from 6,528 participants in the Behavioral Risk Factor Surveillance System in
1994, 1996, 1998, and 2000 (BRFSS) of which 18% were Latina, Petersen et al. found
that 16-20% of pregnant women met the physical activity guidelines. These women were
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more likely to be younger, more educated, unmarried, nonsmokers and to have higher
incomes (38). Similarly, in the current study, we observed that 13% of pregnant women
met the activity guidelines and these women were more likely to be younger and of higher
education. In contrast, we did not observe an association between cigarette smoking and
meeting these guidelines. This lack of association may be due, in part, to differences in
smoking patterns between our predominantly Puerto Rican population and the largely
non-Latina white population of the BRFSS. In a second study examining predictors of
meeting physical activity guidelines among 1,979 pregnant women using 2000 BRFSS
data, Evenson et al. observed that 16% of pregnant women met the physical activity
guidelines (39). Consistent with our findings, meeting guidelines was associated with
younger age, higher education, and excellent or very good health. Marital status,
employment, and number of children were unassociated with likelihood of meeting these
guidelines (39).
Predictors of smoking have been widely studied among pregnant women, but less
so among Latinas. In general, lower education, white race, age <25, unmarried status, and
greater parity have been associated with smoking during pregnancy (40). Among studies
which included Latinas, predictors were similar (35, 41). These studies found that
increasing time in the U.S. and poorer health behaviors in pregnancy, including drug use,
were associated with an increased likelihood of smoking (35, 41). Using nationallyrepresentative data from 20 large U.S. cities in the Fragile Families and Child Wellbeing
Study (n=3301), Perreira & Cortes observed that foreign-born Latina women were over
80% less likely to smoke than their U.S.-born counterparts and that smoking was
increased among the poor and less educated (41). Similarly, we observed an association

19

between Spanish language preference, a measure of lower acculturation, and decreased
likelihood of smoking as compared to those who preferred English.
In addition, studies evaluating smoking among Latina women demonstrate that
Puerto Rican women tend to report higher smoking and substance use rates than other
Latina sub-groups (6, 49-51). The Puerto Rican Maternal and Infant Health Study found
that 16.5% of US-born Puerto Rican women self-reported smoking during pregnancy
(49), while another study found 17.9% of US-born Hispanic women smoked during
pregnancy (41). We found that 21% of our participants (23% of US-born and 16.7% of
foreign-born) self reported smoking in pregnancy making it unlikely that cigarette
smoking was substantially underestimated.
Studies examining predictors for meeting fruit and vegetable intake guidelines in
pregnancy are sparse. In a study of Mexican-origin pregnant women, Harley and
colleagues observed that Mexican-born immigrants consumed more fruit and vegetables
than U.S. born Mexican-American pregnant women (36), whereas we did not observe
differences in meeting the guidelines by place of birth or language preference. This
difference in findings may result from cultural differences between the Mexican and
Puerto Rican native diet. In a non-pregnant, 80% white population of women, Kieffer et
al. found that those with greater than a high school education, who met physical activity
guidelines, and were nonsmokers were more likely to meet fruit/vegetable guidelines
(37). These findings were consistent with those of the present study.
A second measure of health behaviors, later in pregnancy, was available for a
subgroup (62%) of the sample. Women with this second measure did not differ
significantly from women missing this measure in terms of the majority of factors,
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however this group was older, more highly educated, and less likely to have a history of
GDM. However, after controlling for level of education, there were no significant
differences between the groups in terms of age and history of GDM. The finding that the
majority of predictors of meeting health behavior guidelines were similar in the first as
well as second time period reduces the likelihood of this sample representing a select
group.
The association between reported illicit drug use in pregnancy and the increased
likelihood of meeting physical activity and fruit/vegetable guidelines was unexpected, but
studies of these behaviors among pregnant as well as non-pregnant women are sparse.
Indeed, patterns of perinatal drug use among predominantly Puerto Rican Latinas have
not been adequately described. Among non-pregnant women, smoking and alcohol
consumption, often gateways to illicit drug use, have been inconsistently related to
physical activity with some studies among multiethnic populations indicating that current
smokers are less active, while others have found no relationship, and one study among
black women found the reverse (52). Furthermore, to our knowledge, only one other
study has examined the relationship between sports/exercise and illicit drug use. In this
cross-sectional study of young adults (<25 years of age), those who participated in
organized sports and recreation reported higher usage of marijuana and alcohol as
compared to those who did not (53).
Similarly, studies of correlates of fruit/vegetable consumption have been
inconsistent and limited to non-pregnant populations, with two studies showing that
marijuana use is associated with greater caloric intake explained by greater intake of all
macronutrients but with lower fruit intake and no difference in vegetable intake (54, 55)
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and a third study among college students finding that marijuana use was not associated
with diet (56). In our study, women who used drugs during pregnancy were
predominately users of marijuana (89%) and were more likely to be young in age (<25
years: 84% users vs. 70% nonusers) and of lower education (<high school: 67% users vs.
52% nonusers). While we controlled for these factors in multivariable analysis, it is still
possible that confounding by other factors associated with drug use, such as partner usage
or unknown factors, may be responsible for these findings.

1.8 Study Limitations
As in any study relying on self-reported smoking information, some degree of
misclassification of smoking status is possible. Several recent studies demonstrate that
pregnant women can accurately self report prenatal smoking behaviors as assessed by
urinary cotinine measurements (57-59). Other studies have shown that pregnant women
are more accurate about reporting any smoking rather than actual dose (60).
Determination of smoking status (yes or no) in early and mid pregnancy would be
misclassified if smokers inaccurately claim to be non-smokers due to social desirability.
If misclassification of smoking status is unrelated to the predictor variables, then
misclassification of this type would most likely bias our results toward the null.
Misclassification may also arise from the use of the KPAS to measure adherence
to physical activity guidelines during pregnancy. Our assessment of participation in
leisure time activities allowed participants to report up to 3 sports/exercise activities in
both early and mid pregnancy. It is possible that participants may engage in more than 3
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activities in a given week; however, of those reporting sports/exercise, only 12% reported
>2 activities in early pregnancy and only 10% reported the same in mid pregnancy, thus
minimizing this concern. In addition, women may also satisfy physical activity guidelines
through participation in moderate household and occupational activities. Although a
strength of the KPAS is the collection of activity in 4 domains of activity (household/care
giving, occupational, active living, and sports/exercise), response choices for the first
three domains are based on a Likert-type scale ranging from never to always. This
precludes the calculation of MET-hrs/week of activity within these domains and they are
therefore not taken into account in the total measure of moderate intensity activity. Such
misclassification would result in biasing our results toward the null.
We used an FFQ designed and validated for northeastern U.S. Puerto Rican and
Dominican Latina groups and administered during mid-pregnancy to assess usual
pregnancy diet. However, diet may change over the course of pregnancy. The range of
timing of dietary assessments occurred from 5 weeks to 40 weeks gestational age,
potentially causing misclassification of usual pregnancy diet. Furthermore, the FFQ was
completed over multiple visits in some cases. In the only study to date to assess the
change in maternal dietary intake between trimesters, Rifas-Shiman and co-authors
showed no appreciable change in mean food group intake between trimesters. The authors
observed the highest correlations for fruit and vegetable intake between the first and
second trimesters (r=0.68) (61) suggesting that our measure of dietary intake in mid
pregnancy may be sufficient to characterize compliance with fruit/vegetable guidelines in
this population. As in any study of self-reported dietary intake, participants may overreport healthy foods, such as fruits and vegetables, and/or inaccurately estimate portion
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size as it relates to reporting the number of servings of fruits and vegetables. However, if
misclassification of meeting fruit/vegetable guidelines occurs and is unrelated to our
predictor variables, it will most likely bias our results toward the null.
Furthermore, we analyzed fruit/vegetable guidelines in two ways; one analysis
included all fruits/vegetables and the second analysis excluded starchy vegetables
(plantains, legumes, root crops and potatoes). Most associations were similar in
magnitude and direction for both analyses, whereas some associations were somewhat
stronger, but similar in direction when starchy vegetables were excluded, such as meeting
physical activity guidelines, history of GDM, and pre-pregnancy BMI, suggesting that
some misclassification may have occurred when starchy vegetables were included in
meeting the guidelines.
In addition, dietary information is available for a subset of the entire cohort
(62%). Therefore, fewer data points results in limited statistical precision and greater type
I error, (i.e. the potential to reject the null hypothesis when it is actually true). This
limitation is similar to nondifferential misclassification in that the findings may be
weakened as a result. Those who were missing dietary information did not differ from
those with available information on the majority of socioeconomic, behavioral and
medical factors; however, they were more likely to be parous. Given that parity was not
strongly associated with meeting fruit/vegetable guidelines in unadjusted or multivariable
analysis and that those missing dietary information did not differ from the analytic group
by the majority of factors, the potential for selection bias is likely minimal.
Due to the prospective nature of this study, selection bias may occur through loss
to follow-up of cohort participants. Differential loss to follow-up in this study may be
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defined as a loss of outcome information (health behaviors) on a subset of participants
who differ from followed participants on certain characteristics (predictor variables).
Furthermore, those lost to follow-up must differ in terms of both outcome and exposure
status as compared to those remaining in the cohort to produce a bias. Selection bias may
affect results differently depending on the situation, either toward or away from the null.
However, we suspect selection bias to be minimal given that measures of association
were largely similar for both early and mid pregnancy assessments and those missing
information did not differ from those with available information on the majority of
factors.
The use of self-reported exposure information on maternal characteristics may be
subject to information bias if reporting is differential based on health behavior status. Due
to the cross-sectional nature of data collection for early pregnancy behaviors and
socioeconomic and acculturation factors at baseline, it is possible for reporting of certain
characteristics to influence health behavior reporting. However, this cross-sectional
assessment in early pregnancy will not affect the reporting of mid-pregnancy behaviors
collected at a later date. This type of bias may cause the observed associations to be
driven away or toward the null depending on the situation. However, the majority of
associations were similar in magnitude and direction for early and mid pregnancy
analyses suggesting that the likelihood of this bias is minimal.
A second type of information bias relates to biased surveillance or assessment of
the outcome. Findings may be biased if younger women were asked more in-depth
questions on physical activity with the hypothesis that younger women may be more
active in pregnancy. However, the likelihood of this bias is low give than all women were
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interviewed with the same questionnaire designed to assess health behaviors in
pregnancy.
To assess potential factors that may bias the association between maternal
lifestyle, demographic, and behavioral factors and prenatal health behaviors, we collected
information on a large number of characteristics that may be associated with health
behaviors. We will analyze the potential for confounding using multivariable regression.
Our population is restricted to Latina women, and this accounts for some confounding by
ethnicity by design. In addition our population is restricted to women 16-40 years of age,
thus limiting confounding by extreme age in the reproductive span. Although we
collected information on all known or suspected factors related to maternal characteristics
and health behaviors, it is possible for residual confounding by unknown variables or
inadequate control for available factors to affect the estimated associations.
Furthermore, for a factor to be a strong confounder it must be associated with both
the exposure and outcome. Given that we have collected information on a large number
of factors known to be associated with health behaviors, the risk of uncontrolled
confounding is unlikely. However, we do not have information on paternal social support
or marital status, factors known to be associated with physical activity and other health
behaviors. If paternal support is positively associated with physical activity and age, and
perhaps older age is associated with meeting physical activity guidelines, then the
observed association may be over estimated. Moreover, this confounding factor would
only bias estimates that involve associated factors. For instance, if paternal social support
is only associated with age and is not associated with other characteristics like
educational attainment, then only the association between age and physical activity would
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be biased. Occupational activity level may also confound the association between select
characteristics and meeting physical activity guidelines; however, when we controlled for
employment in multivariable models, the estimates did not change appreciably. In
addition, educational level was adjusted for in all analyses and may account for
occupational activity to some extent.

1.9 Generalizability
Findings of this study may be generalized to behaviors of pregnant Puerto Rican
women, a sub-group of Latina women who report worse overall health and have higher
rates of substance use and adverse birth outcomes as compared to other Latina groups (6,
10, 27-29, 51). Indeed, there is substantial heterogeneity between and within the various
Latina subgroups in terms of genetics, acculturation, and health disparities (4-6, 8, 9) and
such differences should be addressed in culturally-specific intervention programs.

1.10 Conclusion
In summary, in our cohort of predominantly Puerto Rican Latinas, we
prospectively identified a number of modifiable predictors of smoking and meeting
physical activity and fruit/vegetable intake guidelines in pregnancy. Factors related to
engagement in prenatal health behaviors should be addressed when designing targeted
intervention strategies in this underserved and rapidly growing population.
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Table 1.1 Distribution of study participants according to socioeconomic, acculturation and
medical factors. Latina GDM Study, 2000-2004.
Characteristic
S ocioecono m ic Factors
Age categ ories (years)
16-19
20-24
25-29
30-40
Em ployed
No
Yes
Ed ucation level
Less th an high sch ool
High school/tech school
>=S ome college
In com e ($)
<=1 5 k
>15-30 k
>30 k
Don't k now
Acculturation F actors
Birth place
U.S . (Continen tal)
Other
P referred language
E ng lish only
S panish/Bo th
M edical Factors
P arity
Nu lliparous
P arous
P re-pregnancy BMI a
Un derweight (<20 kg/m 2 )
No rm al (20 -<2 5 k g/m 2 )
Ov erweight (25-<30 k g/m 2 )
Ob ese (> =30 kg/m 2 )
IOM pregnan cy weight gain a
W ithin guidelines
Inadequate weight gain
E xcessive weight gain
M issin g in form ation
History o f GDM a ,c
No
Yes
History o f ad verse pregnancy outco m eb,c
No
Yes

N (% )

417
455
225
134

(33.9)
(37.0)
(18.3)
(10.9)

574 (49.5)
586 (50.5)
603 (55.6)
345 (31.8)
137 (12.6)
390 (31.7)
219 (17.8)
73 (5.9)
549 (44.6)

597 (54.6)
496 (45.4)
808 (66.8)
401 (33.2)

466 (38.7)
739 (61.3)
156
447
303
278

(13.2)
(37.8)
(25.6)
(23.5)

251
173
346
495

701 (95.8)
31 (4.2)
640 (89.9)
72 (10.1)

a = BMI den otes body mass ind ex ; I OM deno tes Institute of Medicine guidelines;
GDM d en otes gestation al diab etes mellitus; DM d enotes diabetes mellitus
b = Prior infant with anomalies, stillbirth, lo w bir th weight, or preterm b irth
c= Restricted to p ar ous wo men.
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(20)
(14)
(27)
(39)

Table 1.2. Distribution of health behaviors among participants in the Latina GDM Study,
2000-2004.
Timing of Assessment
Behaviors during
pregnancy

Overall
Pregnancy

Early Pregnancy

#

%

No (meets guidelines)

884

Yes

237
<1 cigarette/day
1+ cigarette/day

Mid Pregnancy

#

%

#

%

78.9

823

80.1

618

82.4

21.1

205

20

132

17.6

20

1.8

16

1.6

11

1.5

217

19.4

189

18.4

121

16.1

1114

98.6

1033

98.7

764

99.7

16

1.4

14

1.3

2

0.3

1-3/week

14

1.2

12

1.1

2

0.3

>=4/week

2

0.2

2

0.2

0

0

1068

94.5

986

94.6

741

97.8

62

5.5

56

5.4

17

2.2

978

86.9

935

89.7

690

93.4

148

13.1

108

10.4

49

6.6

Cigarette smoking

Alcohol consumption
No (meets guidelines)
Yes

Any illicit drug use
No (meets guidelines)
Yes
a

Meets physical activity guidelines
<10 MET-hrs/wk
>=10 MET-hrs/wk
(meets guidelines)

b

Meets fruit/vegetable guidelines

c

0 to <4 servings/day

282

39.3

n/a

n/a

n/a

n/a

4 to <7 servings/day

304

42.3

7+ servings/day
(meets guidelines)

132

18.4

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

Meets fruit/vegetable guidelines
0 to <4 servings/day

526

73.3

n/a

n/a

n/a

n/a

4 to <7 servings/day

154

21.5

7+ servings/day
(meets guidelines)

38

5.3

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

a

Meeting physical activity guidelines is defined as moderate activity at least 30/min per day on 5
days/week or vigorous activity at least 20 min/day on 3 days/week, or at least 10 MET-hrs per week.
b
Meeting fruit/vegetable guidelines is defined as 7 or more servings per day of all fruits and vegetables
and fruit juices.
c

Meeting fruit/vegetable guidelines is defined as above without including starchy vegetables- legumes,
root crops, plantains and potatoes.
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Table 1.3. Distribution of characteristics according to meeting fruit/vegetable guidelines.
Latina GDM Study, 2000-2004.
c

Characteristics

M eets Fruit/vegetable Guidelines
Yes
No
P-value

Socioeconomic Factors
Age categories (years)
16-19
20-24
25-29
30-40
Employed
No
Yes
Education level
Less than high school
High school/technical school
>= Some college
Income ($)
<15 k
15-<30 k
>= 30 k
Acculturation Factors
Birth place
U.S. (C ontinental)
Other
Preferred language
English only
Spanish/Both
M edical Factors
Parity
Nulliparous
Parous
Pre-pregnancy BMI

46 (34.9)
45 (34.1)
23 (17.4)
18 (13.6)

205
228
101
54

(34.9)
(38.8)
(17.2)
(9.2)

0.43

62 (48.1)
67 (51.9)

286 (49.3)
294 (50.7)

0.80

59 (46.1)
44 (34.4)
25 (19.5)

329 (57.8)
184 (32.3)
56 (9.8)

0.004

49 (62.8)
20 (25.6)
9 (11.5)

212 (58.7)
112 (31.0)
37 (10.3)

0.64

66 (52.4)
60 (47.6)

315 (55.1)
257 (44.9)

0.58

86 (65.2)
46 (34.9)

389 (66.7)
194 (33.3)

0.73

55 (41.7)
77 (58.3)

239 (40.8)
347 (59.2)

0.85

22 (18.8)

58 (11.3)

0.05

50 (42.7)
26 (22.2)
19 (16.2)

198 (38.5)
138 (26.9)
120 (23.4)

24 (18.2)
20 (15.2)
44 (33.3)
44 (33.3)

130 (22.1)
78 (13.3)
198 (33.7)
182 (31.0)

a
2

Underweight (<20 kg/m )
2
Normal (20-<25 kg/m )
2
Overweight (25-<30 kg/m )
2
Obese (>=30 kg/m )
IOM pregnancy weight gain
W ithin guidelines
Inadequate weight gain
Excessive weight gain
M issing information

a
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0.74

Table 1.3. Continued
History of GDMa,d
No
Yes

71 (92.2)
6 (7.8)

331 (95.7)
15 (4.3)

0.24

Family history of DMa
No
Yes

41 (31.8)
88 (68.2)

198 (34.5)
376 (65.5)

0.56

69 (90.8)
7 (9.2)

300 (89.3)
36 (10.7)

0.71

118 (89.4)
14 (10.6)

531 (90.3)
57 (9.7)

0.75

99 (83.9)
19 (16.1)

417 (80.2)
103 (19.8)

0.36

127 (97.7)
3 (2.3)

571 (99.0)
6 (1.0)

0.22

115 (88.5)
15 (11.5)

549 (95.2)
28 (4.9)

0.004

History of adverse pregnancy outcomeb,d
No
Yes
Behavioral Factors
Meets physical activity guidelines
No
Yes
Cigarette smoking
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes

a = BMI denotes body mass index; IOM denotes Institute of Medicine guidelines;
GDM denotes gestational diabetes mellitus; DM denotes diabetes mellitus
b = includes infant with anomalies, stillbirth, low birth weight, or preterm birth
c=Meeting fruit/vegetable guidelines including all fruits, vegetables and fruit juices.
d=Analysis restricted to parous women
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Table 1.4. Distribution of characteristics according to meeting physical activity guidelines.
Latina GDM Study, 2000-2004.
Meets Physical Activity Guidelines
Early Pregnancy

Characteristics

Yes

No

P-value

41 (38.0)
51 (47.2)
6 (5.6)
10 (9.3)

326 (34.9)
334 (35.7)
181 (19.4)
94 (10.1)

0.003

50 (46.7)
57 (53.3)

451 (48.4)
480 (51.6)

0.74

66 (66.0)
26 (26.0)
8 (8.0)

473 (54.4)
284 (32.6)
113 (13.0)

0.07

36 (54.6)
21 (31.8)
9 (13.6)

294 (55.4)
181 (34.1)
56 (10.6)

0.74

64 (64.0)
36 (36.0)

478 (54.4)
400 (45.6)

0.07

84 (78.5)
23 (21.5)

615 (66.3)
312 (33.7)

0.01

42 (39.6)
64 (60.4)

368 (40.0)
553 (60.0)

0.95

Pre-pregnancy BMI
Underweight (<20 kg/m 2 )
Normal (20-<25 kg/m 2)
Overweight (25-<30 kg/m 2)
Obese (>=30 kg/m 2 )

15 (14.6)
43 (41.8)
22 (21.4)
23 (22.3)

115
318
212
211

(13.4)
(37.1)
(24.8)
(24.7)

0.74

IOM pregnancy weight gain a
W ithin guidelines
Inadequate weight gain
E xcessive weight gain
M issing information

19 (17.6)
12 (11.1)
27 (25.0)
50 (46.2)

195
124
275
341

(20.9)
(13.3)
(29.4)
(36.5)

0.27

Socioeconomic Factors
Age categories (years)
16-19
20-24
25-29
30-40
E mployed
No
Yes
E ducation level
Less than high school
High school/technical school
>= Some college
Income ($)
<15 k
15-<30 k
>= 30 k
Acculturation Factors
Birth place
U.S. (C ontinental)
Other
Preferred language
E nglish only
Spanish/Both
M edical Factors
Parity
Nulliparous
Parous
a
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Table 1.4. Continued.
a,c

History of GDM
No
Yes
a
Family history of DM
No
Yes

61 (96.8)
2 (3.2)

526 (95.6)
24 (4.4)

1.00

39 (37.9)
64 (62.1)

322 (36.0)
573 (64.0)

0.71

47 (78.3)
13 (21.7)

491 (92.0)
43 (8.0)

0.0006

75 (70.8)
31 (29.3)

721 (79.2)
189 (20.8)

0.04

57 (80.3)
14 (19.7)

464 (82.6)
98 (17.4)

0.64

105 (98.1)
2 (1.9)

902 (98.6)
13 (1.4)

0.67

94 (87.9)
13 (12.2)

869 (95.0)
46 (5.0)

0.003

b,c

History of adverse pregnancy outcome
No
Yes
Behavioral factors
Cigarette smoking
No
Yes
Meets fruit/vegetable guidelines
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes

a = BMI denotes body mass index; IOM denotes Institute of Medicine guidelines;
GDM denotes gestational diabetes mellitus; DM denotes diabetes mellitus
b = Includes infant with anomalies, stillbirth, low birth weight, or preterm birth
c= Analysis restricted to parous women
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Table 1.5. Distribution of characteristics according to cigarette smoking. Latina GDM
Study, 2000-2004.
Characteristics

Cigarette smoking
Yes
No
P-value

Socioeconomic Factors
Age categories (years)
16-19
20-24
25-29
30-40
Employed
No
Yes
Education level
Less than high school
High school/technical school
>= Some college
Income ($)
<15 k
15-<30 k
>= 30 k
Acculturation Factors
Birth place
U.S. (C ontinental)
Other
Preferred language
English only
Spanish/Both
Medical Factors
Parity
Nulliparous
Parous

70 (34.2)

294 (35.7)

0.47

79 (38.5)

296 (36.0)

40 (19.5)
16 (7.8)

142 (17.3)
91 (11.1)

119 (58.6)
84 (41.4)

380 (46.3)
440 (53.7)

138 (70.8)
48 (24.6)
9 (4.6)

409 (52.6) <0.0001
254 (32.7)
115 (14.8)

83 (63.9)
40 (30.8)
7 (5.4)

267 (54.8)
160 (32.9)
60 (12.3)

0.046

124 (62.6)
74 (37.4)

414 (52.8)
370 (47.2)

0.013

156 (76.1)

525 (64.3)

0.001

49 (23.9)

291 (35.7)

58 (28.6)
145 (71.4)

347 (42.7)
465 (57.3)

33 (16.3)
74 (36.6)
45 (22.3)
50 (24.8)

104
302
203
194

(13.0)
(37.6)
(25.3)
(24.2)

0.57

38 (18.5)
27 (13.2)
55 (26.8)
85 (41.5)

167
111
247
298

(20.3)
(13.5)
(30.0)
(36.2)

0.56

0.002

0.0002

a

Pre-pregnancy BMI
Underweight (<20 kg/m 2)
Normal (20-<25 kg/m 2)
2
Overweight (25-<30 kg/m )
2
Obese (>=30 kg/m )
a
IOM pregnancy weight gain
W ithin guidelines
Inadequate weight gain
Excessive weight gain
Missing information
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Table 1.5. Continued.
a,c

History of GDM
No
Yes

138 (95.2)
7 (4.8)

444 (96.3)
17 (3.7)

0.53

81 (41.1)
116 (58.9)

280 (35.2)
516 (64.8)

0.12

126 (90.7)
13 (9.4)

403 (90.4)
43 (9.6)

0.92

175 (85.4)
30 (14.6)

748 (90.9)
75 (9.1)

0.02

103 (84.4)
19 (15.6)

417 (80.8)
99 (19.2)

0.36

196 (95.6)
9 (4.4)

817 (99.3) <0.0001
6 (0.7)

167 (81.5)
38 (18.5)

800 (97.2) <0.0001
23 (2.8)

a

Family history of DM
No
Yes

b,c

History of adverse pregnancy outcome
No
Yes
Behavioral Factors
Meets physical activity guidelines
No
Yes
Meets fruit/vegetable guidelines
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes

a = BMI denotes body mass index; IOM denotes Institute of Medicine guidelines;
GDM denotes gestational diabetes mellitus; DM denotes diabetes mellitus
b = includes infant with anomalies, stillbirth, low birth weight, or preterm birth
c=Analysis restricted to parous women
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Table 1.6. Unadjusted odds ratios for meeting health behavior guidelines in early and mid
pregnancy. Latina GDM Study, 2000-2004.

Characteristic
Socioeconomic Factors
Age categories (years)
16-19
20-24
25-29
30-40
P-trend
Employed
No
Yes
Education level
Less than high school
High school/tech school
>=Some college
P-trend
Income ($)
<=15 k
>15-30 k
>30 k
P-trend
Acculturation Factors
Birth place
U.S. (Continental)
Other
Preferred language
English only
Spanish/Both
Medical Factors
Parity
Nulliparous
Parous
Pre-pregnancy BMIa (kg/m2)
Underweight (<20)
Normal (20-<25)
Overweight (25-<30)
Obese (>=30)
P-trend
IOM pregnancy weight gaina
Within guidelines
Inadequate weight gain
Excessive weight gain
Missing information
History of GDMa
No
Yes

Meets Physical Activity
Guidelines
Mid
Early
pregnancy
pregnancy

Early
pregnancy

Mid
pregnancy

Meets Fruit &
Vegetable
Overall
pregnancy

Cigarette Smoking

Ref
1.2 (0.8-1.9)
0.3 (0.1-0.6)
0.8 (0.4-1.8)
0.06

Ref
0.8 (0.4-1.6)
0.6 (0.3-1.5)
0.5 (0.2-1.8)
0.18

Ref
1.1 (0.8-1.6)
1.2 (0.8-1.8)
0.7 (0.4-1.3)
0.73

Ref
1.8 (1.2-2.9)
1.4 (0.8-2.4)
1.0 (0.4-2.0)
0.67

Ref
0.9 (0.6-1.4)
1.0 (0.6-1.8)
1.5 (0.8-2.8)
0.32

Ref
1.1 (0.7-1.6)

Ref
1.4 (0.8-2.6)

Ref
0.6 (0.4-0.8)

Ref
0.6 (0.4-0.9)

Ref
1.1 (0.7-1.5)

Ref
1.5 (0.9-2.5)
0.8 (0.3-1.8)
0.03

Ref
1.2 (0.6-2.5)
2.4 (1.0-6.0)
0.3

Ref
1.8 (1.2-2.6)
0.4 (0.2-0.9)
<0.0001

Ref
1.5 (0.9-2.3)
1.0 (0.5-2.1)
0.09

Ref
1.3 (0.9-2.1)
2.5 (1.4-4.3)
0.002

Ref
0.9 (0.5-1.7)
1.3 (0.6-2.9)
0.66

Ref
1.0 (0.5-2.2)
0.3 (0.04-2.2)
0.33

Ref
0.8 (0.5-1.2)
0.4 (0.2-0.9)
0.02

Ref
0.7 (0.4-1.2)
0.3 (0.1-0.8)
0.01

Ref
0.8 (0.4-1.4)
1.0 (0.5-2.3)
0.74

Ref
0.7 (0.4-1.0)

Ref
0.6 (0.3-1.1)

Ref
0.7 (0.5-0.9)

Ref
0.5 (0.4-0.8)

Ref
1.1 (0.8-1.6)

Ref
0.5 (0.3-0.9)

Ref
0.4 (0.2-0.9)

Ref
0.6 (0.4-0.8)

Ref
0.7 (0.4-1.0)

Ref
1.1 (0.7-1.6)

Ref
1.0 (0.7-1.5)

Ref
1.0 (0.5-1.8)

Ref
1.9 (1.3-2.6)

Ref
2.2 (1.5-3.4)

Ref
1.0 (0.7-1.4)

1.1 (0.6-2.0)
Ref
0.8 (0.5-1.6)
0.8 (0.5-1.3)
0.24

1.3 (0.5-3.0)
Ref
1.0 (0.5-2.1)
0.9 (0.4-2.0)
0.54

1.0 (0.7-1.4)
Ref
1.8 (0.8-1.4)
0.9 (0.6-1.2)
0.57

0.8 (0.5-1.4)
Ref
0.9 (0.5-1.4)
1.2 (0.8-2.0)
0.28

1.4 (0.8-2.5)
Ref
0.7 (0.4-1.1)
0.6 (0.4-1.1)
0.009

Ref
1.0 (0.5-2.1)
1.0 (0.5-1.9)
1.5 (0.9-2.6)

Ref
0.6 (0.2-1.7)
1.1 (0.5-2.3)
0.9 (0.4-2.0)

Ref
1.1 (0.6-1.9)
1.0 (0.6-1.5)
1.3 (0.8-1.9)

Ref
0.9 (0.5-1.7)
0.8 (0.5-1.4)
1.1 (0.7-1.9)

Ref
1.7 (0.9-3.0)
1.2 (0.7-2.0)
1.3 (0.8-2.1)

Ref
0.7 (0.2-3.1)

Ref
0.7 (0.1-5.1)

Ref
1.4 (0.7-2.8)

Ref
0.7 (0.2-2.1)

Ref
1.9 (0.7-4.0)
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Table 1.6. Continued.
Family history of DMa
Ref
No
Yes
0.9 (0.6-1.4)
History of adverse pregnancy outcomeb
No
Ref
3.2 (1.6-6.3)
Yes
Behavioral factors
Cigarette smoking
No
Ref
Yes
1.6 (1.0-2.5)
Meets physical activity guidelines
No
NA
NA
Yes
Meets fruit/vegetable guidelines
Ref
No
Yes
1.2 (0.6-2.2)
Alcohol use
No
Ref
Yes
1.3 (0.3-5.9)
Illicit drug use
No
Ref
2.9 (1.5-5.7)
Yes

Ref
1.3 (0.7-2.5)

Ref
0.8 (0.6-1.1)

Ref
0.9 (0.6-1.3)

Ref
1.1 (0.8-1.7)

Ref
2.2 (0.8-6.1)

Ref
1.2 (0.7-1.9)

Ref
0.5 (0.2-1.3)

Ref
0.8 (0.4-2.0)

Ref
1.5 (0.8-2.8)

NA
NA

NA
NA

Ref
0.7 (0.4-1.2)

NA
NA

Ref
1.7 (1.1-2.7)

Ref
1.3 (0.7-2.5)

Ref
1.1 (0.6-2.1)

Ref
1.9 (0.9-4.1)

Ref
0.8 (0.5-1.3)

Ref
0.5 (0.2-0.9)

NA
NA

Ref
1.6 (0.2-12.9)

Ref
Ref
6.2 (2.2-17.8) 5.8 (1.8-19.4)

Ref
2.2 (0.6-9.1)

Ref
4.9 (1.5-15.6)

Ref
Ref
8.6 (4.8-15.1) 9.4 (3.4-26.0)

Ref
3.6 (1.1-11.4)

a = BMI denotes body mass index; IOM denotes Institute of Medicine guidelines; GDM denotes gestational diabetes mellitus;
DM denotes diabetes mellitus; b = includes infant with anomalies, stillbirth, low birth weight, or preterm birth
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Table 1.7. Multivariable associations between socioeconomic characteristics and meeting
fruit and vegetable intake guidelines: odds ratios (ORs) and 95% confidence intervals
(CIs). Latina GDM Study, 2000-2004.

Meets physical activity guidelines
No
Yes
Current smoker
No
Yes
Education
Less than high school
High school/trade or tech school
>=Some college
p-trend
History of GDM
No
Yes
Illicit drug use
No
Yes
Pre-pregnancy BMI (kg/m2)

Meets Fruit and
Vegetable GuidelinesAlla
OR (95% CI)

Meets Fruit and
Vegetable GuidelinesSubsetb
OR (95% CI)

Ref
1.9 (0.8-4.2)

Ref
*3.7 (1.2-11.3)

Ref
*0.5 (0.3-0.9)

Ref
0.4 (0.1-1.4)

Ref
1.3 (0.8-2.1)
*2.2 (1.1-4.3)
0.02

Ref
0.5 (0.2-1.7)
2.5 (0.9-7.1)
0.17

Ref
1.9 (0.8-4.6)

Ref
2.9 (0.7-11.6)

Ref
*3.8 (1.7-8.5)

Ref
*3.9 (1.1-14.3)

20-<25 (Normal)
Ref
Ref
<20 (Underweight)
1.1 (0.6-2.2)
0.9 (0.3-3.1)
25-<30 (Overweight)
0.6 (0.3-1.0)
0.5 (0.2-1.5)
>=30 (Obese)
0.5 (0.3-1.0)
0.3 (0.1-1.1)
p-trend
0.01
0.05
All ORs adjusted for other variables in the table and maternal age.
*= P<0.05
a = Meets fruit/vegetable guidelines including all fruits and vegetables.
b = Meets fruit/vegetable guidelines excluding starchy vegetables – plantains, root crops, potatoes, and
legumes.
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Table 1.8. Multivariable associations between socioeconomic characteristics and meeting
physical activity guidelines in early and mid-pregnancy: odds ratios (ORs) and 95%
confidence intervals (CIs). Latina GDM Study, 2000-2004.
Meets Physical Activity
Recommendations in
Early Pregnancy:
OR (95% CI)

Meets Physical Activity
Recommendations in Mid
Pregnancy
OR (95% CI)

Ref
*4.8 (2.3-10.2)

Ref
3.3 (1.0-10.6)

Ref
2.1 (1.0-4.4)

Ref
2.6 (1.0-6.8)

Ref
0.6 (0.3-1.0)

Ref
0.5 (0.2-1.2)

Ref
1.3 (0.8-2.2)
*0.2 (0.1-0.6)
0.8 (0.3-1.9)
0.07

Ref
0.7 (0.3-1.5)
0.3 (0.1-1.0)
0.2 (0.01-1.3)
0.06

Ref
0.6 (0.4-1.1)
0.5 (0.2-1.2)
0.04

Ref
0.8 (0.4-1.7)
*2.8 (1.1-7.1)
0.17

History of adverse pregnancy outcome
No
Yes
Illicit drug use
No
Yes
Preferred language
English
Spanish/both
Age (years)
16-19
20-24
25-29
30-40
P-trend

Education
Less than high school
High school/trade or tech school
>=Some college
P-trend
All ORs adjusted for other variables in the table.
*= P<0.05
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Table 1.9. Multivariable odds ratios between socioeconomic characteristics and cigarette
smoking in early and mid-pregnancy: odds ratios (ORs) and 95% confidence intervals
(CIs). Latina GDM Study, 2000-2004.
Smoking in Early
Pregnancy:
OR (95% CI)

Smoking in Mid
Pregnancy:
OR (95% CI)

Ref
*4.4 (1.3-14.7)

Ref
*3.9 (1.1-13.8)

Ref
*8.2 (4.6-14.6)

Ref
*6.4 (3.3-12.2)

Ref
*2.1 (1.4-3.2)

Ref
*2.6 (1.6-4.3)

Ref
*0.6 (0.4-0.8)

Ref
0.7 (0.4-1.1)

Ref
*0.5 (0.4-0.8)
*0.2 (0.1-0.4)
<0.0001
All ORs adjusted for other variables in the table and maternal age.
*= P<0.05

Ref
0.7 (0.5-1.1)
0.6 (0.3-1.3)
0.09

Alcohol use
No
Yes
Illicit drug use
No
Yes
Parous
Nulliparous
Parous
Language preference
English
Spanish/both
Education
Less than high school
High school/trade or tech school
>=Some college
P-trend
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CHAPTER 2
SEDENTARY BEHAVIORS AND RISK OF GLUCOSE INTOLERANCE AMONG
PREGNANT LATINA WOMEN

2.1 Introduction
Gestational diabetes mellitus (GDM), defined as glucose intolerance of varying degree
with first onset during pregnancy, is a common maternal complication that affects 2-6% of
pregnancies (62). A less severe form of glucose intolerance, termed abnormal glucose tolerance
(AGT), affects even more pregnancies with reported incidence ranging from 17% (63) to 27%
(64) depending on diagnostic criteria and population. Both GDM and AGT are associated with
poor perinatal outcomes and pregnancy complications including macrosomia, preeclampsia,
hypertension, cesarean section, preterm labor and neonatal adiposity (65-73). In fact, even mild
maternal hyperglycemia (abnormally high glucose concentration in the blood) has been
associated with large-for-gestational age, macrosomia, premature rupture of membranes, and
cesarean section (64, 65, 67, 70, 74-77). Maternal hyperglycemia has been positively associated
with childhood obesity at 5-7 years of age (78) and increased risk of subsequent type II diabetes
mellitus (DM) in mother (79-81) and offspring (82).
Identified risk factors for GDM and AGT are similar, including marked obesity, diabetes
in first-degree relatives, older maternal age, current glycosuria (excess sugar in the urine),
previous delivery of a macrosomic infant, and nonwhite ethnicity (62, 83). Latina women have 24 times the risk of developing GDM as compared to non-Latina white women (84, 85). Indeed,
few modifiable risk factors for glucose intolerance have been identified, marking the importance
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of research on behavioral factors, such as sedentary activities, that may affect risk of developing
glucose intolerance in pregnancy.
Sedentary lifestyles have become more prevalent in recent decades as reflected by the
increasing number of television sets, VCRs, and remote controls per household and the time
spent watching TV in the past decade (86). The average adult female spends 34 hours per week
watching television. Increasing evidence suggests that physical activity may be protective against
GDM (87-89), obesity (90, 91), type II DM (92, 93) and other chronic diseases, meanwhile,
sedentary behaviors are becoming more widespread (94).
The role of sedentary behaviors in the development of glucose intolerance and GDM is
not well understood. It is known that normal pregnancy involves progressive insulin resistance
that begins in mid-pregnancy and continues through the third trimester to levels similar to that
observed in type II diabetics (83). However, individuals with high levels of sedentary behaviors,
such as TV viewing, characterized by prolonged absence of muscle contraction, may be more
susceptible to insulin resistance and hyperglycemia. Indeed, there are three potential mechanisms
by which sedentary behaviors may affect risk of AGT and GDM. Specifically, sedentary
behaviors may directly alter glucose metabolism, indirectly influence risk of AGT and GDM
through obesity (95), or displace healthier physical activities thus lowering total energy
expenditure and favoring an insulin resistant state (96).
Sparse data exists on the association between sedentary behaviors and abnormal glucose
tolerance and GDM in pregnancy, but several studies have been conducted in non-pregnant
populations in relation to type II diabetes (96-98). Time spent TV watching has been associated
with an increased risk of type II diabetes in women (96-98), GDM (89), and obesity (90, 98-101),
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an important cause of glucose intolerance in pregnant and non-pregnant individuals. Conversely,
increasing amounts of physical activity have been associated with a decreased risk of type II
diabetes (92, 96-98), AGT(63), and GDM (87-89, 102, 103). Moreover, no studies have been
conducted among Latina women, a population more likely to lead sedentary lives than non-Latina
women (85, 104, 105).
This study was conducted in a Latina population and assessed sedentary behaviors before
and during pregnancy and risk of AGT and GDM using a validated questionnaire administered in
early and mid pregnancy.

2.2 Review of the Literature

2.2.1 Physiology of Sedentary Behaviors and Glucose Intolerance
Behavioral and epidemiologic studies have shown that physical activity and sedentary
behaviors are largely independent behaviors and may exhibit independent effects on risk of
disease (89, 96-99, 101, 106, 107). The biologic mechanism linking sedentary behaviors to the
development of glucose intolerance and GDM in pregnancy is not well understood. However,
there are three potential mechanisms by which sedentary behaviors may affect risk of AGT and
GDM. Specifically, sedentary behaviors may directly alter glucose metabolism, indirectly
influence risk of AGT and GDM through obesity (95), or displace healthier physical activities
thus lowering total energy expenditure and favoring an insulin resistant state (96).
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In terms of the first mechanism, the third trimester of pregnancy is characterized by
metabolic stress on maternal lipid and glucose metabolism including insulin resistance and
hyperinsulemia, thus favoring transfer of nutrients to the fetus (83). Glucose tolerance remains in
the normal range for most women, but reaches diabetic levels in 2-6% of women. Physical
activity has independent effects on glucose disposal by increasing both insulin mediated and noninsulin mediated glucose disposal (108, 109). Skeletal muscle contraction triggers glucose
uptake and promotes insulin sensitivity (110), so that individuals who engage in regular physical
activity may ward off development of GDM and AGT. Conversely, individuals with high levels
of sedentary behavior, characterized by the prolonged absence of muscle contraction, may be
more susceptible to insulin resistance and hyperglycemia. As skeletal muscle is an important site
for glucose disposal, the cumulative absence of skeletal contraction characterized by sedentary
behavior may explain, in part, its association with hyperglycemia.
In terms of the second mechanism, high levels of TV viewing have been positively
associated with obesity, an important cause of insulin resistance and glucose intolerance (90, 95,
99, 106, 111, 112). Postulations regarding the connection between obesity and insulin resistance
have suggested an inflammatory mechanism (113-115). Inflammatory molecules released by
adipose tissue, termed adipokines, including leptin, adiponectin, resistin and visfatin, as well as
cytokines and chemokines may be responsible for creating a chronic subinflammatory state
leading to insulin resistance (113-115). Therefore, the relation between sedentary behaviors, such
as TV viewing, and risk of AGT and GDM may be mediated through obesity (116, 117).
Individuals with high levels of TV viewing tend to follow an unhealthy eating pattern including
high-fat snacking behaviors, possibly triggered by food cues and commercial advertisements
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(111, 118-120). The unhealthy diet may lead to overweight or obesity which in turn increases risk
of AGT and GDM (90, 99, 106, 111, 112).
In terms of the third mechanism, TV watching results in lower energy expenditure
compared to other sedentary activities, such as sewing, writing, reading, and driving an
automobile (121). Time spent TV watching may also displace physical activity throughout the
day, thus reducing total physical activity (90, 122). The high levels of inactivity during TV
watching may contribute to increased risk of glucose intolerance by directly altering glucose
metabolism and/or indirectly through obesity.
In summary, although the exact mechanism by which sedentary behaviors may affect
glucose metabolism is not clear, such a modifiable factor represents an important link to glucose
intolerance that warrants investigating. A reduction in TV watching may result in greater physical
activity and less snacking, thus improving insulin resistance and reducing risk of obesity, an
important cause of glucose intolerance.

2.2.2 Epidemiology of Sedentary Behaviors and Glucose Intolerance

Only two studies have investigated the impact of sedentary behaviors on risk of maternal
glucose intolerance and GDM (63, 89). However, there is largely consistent evidence from
epidemiologic studies that physical activity reduces risk of type II DM and suggestive evidence
for GDM (123-125), two conditions shown to be pathophysiologically similar (126).
Furthermore, no studies have been conducted exclusively among Latina women, a group known
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to be at high-risk for glucose intolerance during and outside of pregnancy and sedentary
lifestyles.
In one of only two studies to examine sedentary behaviors and risk of GDM, Zhang et al.
conducted a prospective cohort study using Nurses’ Health Study II data collected from 21,765
predominantly white women with at least 1 pregnancy between 1990 and 1998 (89). Pregravid
physical activity and sedentary behaviors were assessed through mailed questionnaires in 1989,
1991, and 1997 using a validated questionnaire. Diagnosis of GDM was self-reported in the
biennial questionnaire and was previously validated in this cohort based on medical record
review. Sedentary behaviors included TV/video watching, sitting at work or away from home or
while driving, and other sitting at home (reading, meal times, or at a desk). After adjustment for
age and time spent on other sedentary behaviors (sitting at work or away from home,
driving/riding in a vehicle, sitting at home at a desk, reading, or at meals), greater time spent TV
watching was associated with higher GDM risk. Women who spent ≥20 hrs/week watching TV
in the year prior to pregnancy had a 70% increased risk of GDM (95% C.I. 1.29-2.34; ptrend=0.001) compared to those who watched less than 2 hrs/week. This association was
attenuated, but remained statistically significant, after adjusting for physical activity and dietary
factors (RR=1.47, 95% C.I. 1.09-1.99; p-trend=0.03). The association was no longer significant
after controlling for BMI, suggesting the association may be mediated through obesity (89). In a
combined analysis of sedentary behavior and physical activity controlling for BMI and other
covariates, women who spent ≥20 hrs/week watching TV and who performed no vigorous
activity had more than a 2-fold greater risk of GDM compared to those who spent <2 hrs/week
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watching TV and were in the highest quintile of vigorous activity (RR=2.30, 95% C.I. 1.064.97).
Using data from Project Viva, Oken et al. were the first group to investigate sedentary
behaviors and risk of maternal AGT as well as GDM (63). Participants (n=1,805) were recruited
at prenatal care visits (mean=10.2 weeks gestation) in one of eight obstetric offices in eastern
Massachusetts from 1999-2002. Participants underwent routine GDM screening at 26-28 weeks
gestation with a nonfasting 50-g oral glucose challenge test. If the 1-hr glucose result was ≥140
mg/dl the participant was classified as AGT and referred for a 3-hr OGTT. GDM was diagnosed
using ADA criteria (62). Sedentary behaviors and physical activity during and before pregnancy
were assessed via a modified version of the Physical Activity Scale for the Elderly (PASE) at the
recruitment visit and at a second time in mid-pregnancy at 26-28 weeks gestation. Sedentary
behaviors included watching TV or videos, and light, moderate, and vigorous forms of physical
activity were assessed. After adjusting for multiple confounders, watching 14 or more hours of
TV/week before pregnancy or during pregnancy, respectively, was not associated with GDM
(OR=1.28, 95% C.I. 0.75-2.18; OR=1.03, 95% C.I.0.59-1.78) or AGT (OR=0.99, 95% C.I. 0.741.32; OR=1.01, 95% C.I. 0.75-1.35) compared to watching 13 or fewer hours/week of TV.
However, vigorous activity during the year before pregnancy was associated with a reduced risk
of GDM (OR=0.56, 95% C.I. 0.33-0.95) and AGT (OR=0.76, 95% C.I. 0.57-1.00) compared to
not engaging in any vigorous activity, though vigorous activity during pregnancy was associated
with a weaker effect.
The study by Zhang et al. had the advantage of a large sample size and prospective
design (89). However, the authors did not collect information on physical activity and sedentary
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behaviors during pregnancy, a time period that may be more relevant for GDM and AGT risk as
compared to pre-pregnancy behaviors. This problem is confounded by the fact that pregnant
women generally decrease their physical activity and may increase their sedentary behaviors with
the onset of pregnancy. In addition, the study population consisted of registered nurses, 92% of
whom were White, a population that may not represent a high risk group.
Similarly, the study by Oken et al. was conducted among predominantly white, affluent
women. As opposed to Zhang, information was collected on physical activity and TV watching
both during and before pregnancy via questionnaire. While the authors observed an association
between vigorous activity and decreased risk of GDM and AGT, they did not find an association
between TV watching and risk of GDM and AGT. The absence of association with TV watching
contradicts the findings of Zhang et al. (89) and several studies of type II DM (96-98). This may
be due to differences in the choice of referent group for the TV watching analysis conducted by
Oken et al. (≤13 hrs/week) as compared to that of Zhang et al. (<2 hrs/week). Finally, Oken et al.
did not have information on sedentary behaviors other than TV watching, such as sitting at work,
which could result in nondifferential misclassification, thus weakening the strength of findings.
Three studies have investigated the association between sedentary behaviors and risk of
type II DM (96-98), a condition shown to be similar in pathogenesis and risk profile to GDM.
After adjusting for physical activity and other confounders, all three studies demonstrated an
increasing risk of DM with increasing time spent watching TV. For example, using data from the
Health Professionals Follow-up Study, Hu et al. observed an almost 2-fold increased risk for
those watching 21-<40 hrs/week of TV (RR=1.8, 95% C.I. 1.2-2.7) and a further increased risk
for those watching 40 or more hrs/week of TV (RR=2.3, 95% C.I. 1.2-4.5) compared to those

48

watching <2hrs/week (p-trend <0.001) (96). In addition, those watching >15hrs/week of TV and
who were in the lowest quartile of physical activity had an even greater risk of DM (RR=2.92,
95% C.I. 1.87-4.55) as compared to those in the lowest quartile of TV watching and the highest
quartile of physical activity. In another study using the Nurses’ Health Study II population, Hu et
al. found that each 2 hr/day increment in TV time resulted in a 23% (95% C.I. 17-30%) increased
risk of DM after adjustment for age, exercise, diet and other covariates (98).
Two prior studies examined the relation between sedentary behaviors and serum glucose
(97, 127). Specifically, in a population-based cross-sectional study in Australia including 8,299
men and women, Dunstan et al. found that >14hrs/week TV time was associated with increased
risk of abnormal glucose metabolism compared to watching ≤7hrs/week (OR=1.49, 95% C.I.
1.12-1.99) (97). Increasing TV time was also associated with incident type II DM and impaired
glucose tolerance. In a similar study, Dunstan et al. cross-sectionally examined the association
between TV watching and glucose levels in the same Australian population (127). After
adjusting for known confounders, time spent TV watching was positively associated with 2-hr
post challenge plasma glucose, fasting insulin levels, and homeostasis model assessment of
insulin sensitivity (HOMA) in women (127).
In summary, the current epidemiologic research is lacking data on sedentary behaviors
and risk of glucose intolerance in pregnancy. Given that Latina ethnicity is a strong risk factor for
type II DM, GDM and AGT, research is urgently needed to determine how sedentary lifestyle
affects the development of GDM and AGT in Latina populations. Prior evidence that TV
watching may be associated with abnormal glucose metabolism in non-pregnant individuals
suggests that this association warrants further investigation during pregnancy. The fact that few
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modifiable risk factors for maternal glucose intolerance have been identified further highlights
the importance of research on lifestyle factors.

2.3 Summary

Abnormal glucose tolerance and GDM are common complications of pregnancy that are
associated with increased risk of adverse maternal and fetal outcomes during both pregnancy and
thereafter. The majority of known risk factors for glucose intolerance are not modifiable,
including non-white ethnicity, family history of DM, older maternal age, and obesity. Therefore,
research on modifiable risk factors for AGT and GDM is urgently needed.
Sedentary behaviors may increase the risk of GDM through a number of mechanisms.
The prolonged lack of muscle contraction characterizing sedentary activities may predispose
skeletal muscles to a hyperglycemic state. Additionally, sedentary behavior may impact risk of
GDM through increasing the risk of overweight and obesity. Sedentary behavior is also
associated with unhealthy snacking and poor diet, factors that may contribute to development of
glucose intolerance. Numerous studies have demonstrated that physical activity and sedentary
behaviors, such as TV viewing, are largely independent and likely exert independent effects on
health outcomes. However, existing epidemiologic studies on modifiable factors for glucose
intolerance have predominantly focused on physical activities rather than sedentary activities.
Moreover, epidemiologic studies on sedentary behaviors and risk of glucose intolerance have
been largely limited to non-pregnant populations, with only two studies conducted among
pregnant women. Furthermore, no studies have been conducted among Latina women, a group
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that is largely understudied despite their high risk for GDM and likelihood of leading a sedentary
lifestyle.
In conclusion, this study fills several research gaps. We examined sedentary behaviors at
three time points (pre, early and mid pregnancy) in relation to risk of AGT and GDM in pregnant
Latina women.

2.4 Study Aims

Overall goal: To evaluate the relationship between sedentary behavior and risk of AGT.
1) To evaluate the relationship between time spent TV watching in pre, early, and mid
pregnancy and risk of abnormal glucose tolerance (AGT).
2) To evaluate the relationship between frequency of sitting at work in pre, early, and mid
pregnancy and risk of AGT.
3) To evaluate the association between low levels of sports/exercise activity and risk of
AGT.
Secondary aim: To evaluate the relationship between sedentary behavior and risk of GDM.

2.5 Methods

2.5.1 Study Design and Population

Participants were self-identified Latinas enrolled in prenatal care in the public obstetrics
and gynecology (OB/GYN) and midwifery practice of Baystate Medical Center, a large tertiary

51

care facility in Western Massachusetts. Briefly, participants were recruited by bilingual
interviewers at prenatal care visits up to 24 weeks of gestation (mean = 15 weeks gestation) from
September 2000 to December 2003. Eligibility criteria included Latina ethnicity, age 16-40 years,
<24 weeks gestational age at first interview, singleton pregnancy, no prior diagnosis of
hypertension, chronic renal disease, or type 2 diabetes, and no prior participation in the study.
Interviewers obtained informed consent from participants approved by the Institutional Review
Boards of the University of Massachusetts-Amherst and Baystate Medical Center.
Interviewers collected information on substance use, medical and obstetric history,
physical activity, and sociodemographic factors at the time of recruitment. Participants were
interviewed a second time in mid-pregnancy to update information on substance use and physical
activity (mean = 28 weeks gestation). Information on additional medical factors was collected
from medical records by trained medical abstractors.

2.5.2 AGT and GDM Assessment

Baystate Obstetrical Practices routinely screens all prenatal care patients for GDM at 2628 weeks of gestation. The screening test consists of a non-fasting 50-g glucose load and a
plasma glucose determination 1 hour later (1-hr oral glucose tolerance test [OGTT]). If the
plasma glucose value is >135 mg/dL, a 3-hour glucose tolerance test is performed. Diagnosis of
GDM was defined as meeting any one of the following three criteria: 1) 2 or more elevated
values at fasting, and 1, 2, and 3 hours, based on the American Diabetes Association criteria of
95, 180, 155, and 140 mg/dL, respectively (62); 2) a 1-hr OGTT greater than 180 mg/dL (128);
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or 3) elevated fasting (greater than 105 mg/dL) or elevated 2-hr postprandial blood sugar (greater
than 120 mg/dL) in patients unwilling or unable to tolerate the OGTT (129). Diagnosis of GDM
was confirmed by an obstetrician who reviewed the medical records of each suspected case. We
categorized participants with a normal value on the 1-hr OGTT screen (<135 mg/dL) as having
normal glucose tolerance (NGT) and those who failed the test (≥135 mg/dL) as having abnormal
glucose tolerance (AGT).

2.5.3 Sedentary Behavior Assessment

Physical activity and sedentary behaviors in pre, early, and mid-pregnancy were measured
using a modified version of the Kaiser Physical Activity Survey (KPAS) (130). Sedentary
behaviors are measured in the KPAS as hours spent TV watching per day and the frequency of
sitting at work with responses ranging from “never” to “always”. Additionally, the KPAS
measures activity on a 5-point Likert scale in 4 domains: sports/exercise, occupational,
household/care giving, and active living (transportation).

Of particular interest for the current

analysis are TV watching, sitting at work, and low levels of sports/exercise. TV watching was
categorized as an ordinal variable with the following responses: <1 hr/day, 1-<2 hrs/day, 2-<4
hrs/day, 4+ hrs/day. Sitting at work was categorized as: never/rarely, sometimes, often, always,
and not employed. The KPAS assesses sports/exercise participation by allowing women to report
the 3 most common sports/exercise activities followed by frequency and duration for each.
Participation in sports/exercise was categorized in quartiles with the most active as the referent
group.
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Additionally, to be consistent with previous studies (89, 96, 98) we created two
composite sedentary behavior variables hereafter we refer to as Composite I and Composite II.
For Composite I, 2 categories of TV watching (high 4+ hrs/day and low <4 hrs/day) and 2
categories of sports/exercise (high 4th quartile and low 1st-3rd quartiles) were cross-tabulated to
create a 4-level variable with the highest sedentary group composed of those with high TV
watching and low sports/exercise, and the lowest sedentary group composed of those with low
TV watching and high sports/exercise. The two intermediate categories are composed of the
remaining combinations of high and low TV watching and sports/exercise. Those with missing
information on either TV watching or sports/exercise were excluded from this analysis.
For Composite II, we summed the values for frequency of sitting at work (values = 0-3
corresponding to each increasing level), TV watching (values = 0-3 corresponding to each
increasing level), and sports/exercise (values = 0-3 corresponding to each decreasing quartile; i.e.
reverse scored) to create a total sedentary score ranging from 0 to 9. The summary score was
categorized in tertiles with the most sedentary group having the highest total score. Only those
with complete information on sitting at work, TV watching, and sports/exercise were included.
Both composite variables were created separately for pre, early and mid pregnancy time periods,
with early and mid pregnancy having the same tertile cutpoints for Composite II.

2.5.4 Validity of Sedentary Behavior Assessment
The modified KPAS was validated among a sample of 54 pregnant women at Baystate
Medical Center using 7-days of accelerometer measurements (130). Spearman correlation
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coefficients between the KPAS and three published cut points used to classify accelerometer data
ranged from 0.25 to 0.33 for occupational activity and from 0.34 to 0.51 for sports/exercise
activity.

2.5.5 Covariate Assessment

Interviewers collected information on substance use, medical and obstetric history, and
sociodemographic factors at the time of recruitment. Information collected on substance use
included cigarette use, alcohol use, and illicit drug use before and during pregnancy. Substance
use was updated again at a second interview at a mean of 28 weeks gestation. Information
abstracted from medical records included history of GDM, reproductive history, family history of
diabetes mellitus, pre-pregnancy BMI, parity and pregnancy weight gain. Sociodemographic
information included age, birth place, length of time in the United States, educational attainment,
income, and employment.
Diet was assessed using a modified NCI/Block food frequency questionnaire
administered in mid pregnancy (mean=23 weeks gestation) over the phone or in person among a
subset of the study population (62%) who could be located for this interview.

2.5.6 Statistical Analysis

All analyses were performed using SAS 9.1 (SAS Campus Drive, Cary, North Carolina
27513, USA).
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Using chi-square tests for independence, we assessed covariates as potential confounders
by cross-tabulating them with both the outcome and exposure. For 2x2 tables with small cell
frequencies, we used Fisher’s Exact test. We then used the 2-sample t-test to compare continuous
variables across 2 categories. Using logistic regression, unadjusted relative risks and 95%
confidence intervals were calculated to estimate the association between sedentary behaviors
(time spent TV watching, frequency of sitting at work, low participation in sports/exercise,
composite of TV watching/sports exercise, and total sedentary score) and risk of AGT and GDM
in pre, early and mid pregnancy.
Multivariable logistic regression was used to model the relation between sedentary
behaviors and risk of AGT while accounting for multiple confounding variables. Those
covariates which caused a 15% change in the coefficient for the exposure were considered
confounders and were included in the final model. We calculated relative risks and 95%
confidence intervals for this association in pre, early and mid pregnancy. Tests for trend were
evaluated by entering the categorical variable for TV watching, sitting at work, and
sports/exercise (reverse scored) as an ordinal variable composed of the midpoints of each
category and evaluating statistical significance with the Wald chi-square test (p-value <0.05). For
the analysis of risk of GDM, we limited adjustment to maternal age and pre-pregnancy BMI due
to limited statistical power.
We considered pre-pregnancy BMI, parity, family history of type II diabetes, caloric
intake, and pregnancy weight gain at GDM screen as potential effect modifiers in AGT analyses,
as previous studies have suggested these variables to be important predictors of AGT (89).
Assessment of effect modification involved the evaluation of multiplicative interaction terms
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with sedentary behaviors multiplied by the following factors: pre-pregnancy BMI (<25 vs. ≥25
kg/m2), parity (multiparous vs. nulliparous), family history of type II diabetes mellitus (yes vs.
no), caloric intake (<50th percentile vs. ≥50th percentile), and weight gain (at or below vs. above
weight gain recommendations at GDM screen). We did not assess effect modification for risk of
GDM due to the sparse number of cases and limited statistical power.
Because dietary information was only collected among a subgroup of the population, we
conducted a sub-analysis among those for which dietary data was available. Specifically, we
included each dietary component (dietary fat [in grams], total calories, and dietary fiber [in
grams]) in continuous form in the logistic model to assess the amount of change in the estimate
for each sedentary behavior on risk of AGT. If the exposure estimate changed >15% after
inclusion of a dietary factor in the model, the estimates adjusted for dietary factors were
presented.
We utilized least squares linear regression to model the impact of sedentary behaviors on
the 1-hr OGTT value. We first examined the 1-hr OGTT values for normality and determined
that a log-transformation was necessary to achieve normality for linear regression. Using
multivariable linear regression, we modeled the adjusted association of sedentary behaviors on
the 1-hr OGTT values while accounting for confounding variables. Those covariates which
caused a 15% change in the coefficient for the exposure were considered confounders and
included in the final model. We report adjusted beta coefficients and p-values for each level of
the exposure variables. Among the 1,232 participants in the Latina GDM Study, 1,006 were
screened for AGT and GDM. For the analysis, the sample was restricted to those with
AGT/GDM outcome information.
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2.6 Results

Briefly, participants ranged from ages 16 to 39 years with 72% below age 25 years. Fiftysix percent of the sample had not completed high school at enrollment while 50% were employed
or in school at some point during pregnancy. With respect to acculturation factors, 45% were
born outside the Continental U.S., 33% were bilingual (Spanish and English) or preferred to
speak only Spanish, and 85% were of Puerto Rican descent. Regarding medical factors, 60%
were multiparous, 60% had a family history of type II diabetes mellitus, 5% had been diagnosed
with GDM in a previous pregnancy, and >40% were overweight or obese in pre-pregnancy.
Patterns of sedentary behaviors differed from pre-pregnancy to the early and mid
pregnancy time periods. For example, 25% of participants reported watching 4 or more hours of
TV per day in the year before pregnancy, whereas this percentage increased to 35% in early
pregnancy and 29% in mid-pregnancy (Table 2.10). Similarly, the frequency of sitting at work
increased from pre pregnancy through mid pregnancy (Table 2.11). The percentage of women
who often or always sat at work increased from 30% in pre-pregnancy to 48% in early and 42%
in mid pregnancy. In addition, the number of employed women decreased from 75% in the year
prior to pregnancy to 50% and 42%, in early and mid pregnancy, respectively.
Quartile median values of sports/exercise score were greater for pre-pregnancy indicating
a wider distribution and higher values (4.0, 2.8, 1.5, 1.3) as compared to both early and mid
pregnancy (2.5, 1.5, 1.3, 1.0) (Table 2.12).
We created two composite sedentary behavior variables: Composite I, a composite of TV
watching and sports/exercise (reversed scored), and Composite II, a total sedentary behavior
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score which was a composite of total sitting (TV watching and sitting at work) and
sports/exercise reverse scored (Table 2.13). For Composite II, the median values for the
sedentary score in each tertile were lower for pre-pregnancy (1, 2, and 3, respectively) as
compared to early and mid pregnancy (1, 3, and 4, respectively) (Table 2.13).
Of the total sample screened (N=1,009), 11% (N=119) of women were classified as
having AGT and 3% (N=33) were diagnosed with GDM (Table 2.14). With regard to maternal
characteristics, increasing age, educational attainment, income, parity, and pre-pregnancy BMI
were associated with an increase in the risk of AGT, whereas cigarette smoking in pregnancy was
associated with a decrease in risk of AGT (Table 2.15). Having a family history of type II
diabetes mellitus, personal history of GDM, and a history of adverse pregnancy outcome were
statistically significantly associated with an increased risk of AGT (p<0.05). Associations were
similar in terms of risk of GDM, with the exception of parity and cigarette smoking, which were
not significantly associated with GDM risk (Table 2.15).
We then evaluated participant characteristics in relation to sedentary behaviors and
observed several consistent associations (Tables 2.16-2.18). Maternal age, employment,
education, pre-pregnancy BMI, history of GDM, illicit drug use and total physical activity were
negatively associated with time spent TV watching in pregnancy, whereas history of GDM was
positively associated with time spent TV watching (Table 2.16). These same factors, with the
exception of age, BMI and drug use, were positively associated with frequency of sitting at work
(Table 2.17). In addition, income and cigarette use were positively associated with sitting at
work, whereas Spanish/bilingual language preference (vs. English only) and total physical
activity were negatively associated with sitting at work. Finally, a similar grouping of
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characteristics (i.e., employment, income, parity and total physical activity) was negatively
associated with low participation in sports/exercise in pregnancy.
In unadjusted analyses, time spent TV watching and frequency of sitting at work were not
significantly associated with risk of AGT in pre, early or mid pregnancy (Table 2.19). Low
participation in sports/exercise in mid pregnancy was associated with increased risk of AGT,
with those in the lowest quartile having a 2-fold increased risk for AGT compared to those in the
highest quartile (OR=2.06, 95% CI 1.06-4.01) with a significant linear trend (Ptrend=0.03).
Regarding the composite sedentary behavior variables, Composite I was not associated with
increased risk for AGT in any pregnancy period. However, Composite II was associated with
significantly increased risk of AGT in mid pregnancy with significant linear trend (Ptrend=0.005).
Odds ratios for the top two tertiles of Composite II were 4.9 (95% CI 1.10-21.88) and 8.0 (95%
CI 1.7-37.54), respectively as compared to the lowest tertile although confidence intervals were
wide and the referent category had only 2 AGT cases in mid pregnancy (Table 2.19).
Similar to the unadjusted analyses, after adjustment for maternal age, smoking, prepregnancy BMI and history of GDM, time spent TV watching and frequency of sitting at work
were not statistically significantly associated with risk of AGT and the direction or magnitude of
results remained comparable (Table 2.20). After adjusting for maternal age, education, cigarette
smoking, parity, and pre-pregnancy BMI, the relative risk for low participation in sports/exercise
in mid pregnancy remained similar at 2.01 (95% CI 1.01-4.02). Again, sports/exercise in pre or
early pregnancy was not associated with AGT risk. Similar to the unadjusted results, Composite I
was not associated with AGT risk; however, increase in total sedentary behavior as assessed by
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Composite II in mid pregnancy was associated with significantly elevated AGT risk after
adjustment for multiple confounders, although again confidence intervals were wide.
We evaluated several dietary components, total caloric intake, dietary fiber, and dietary
fat, as potential confounders in a sub-sample for which dietary information was available. We ran
each model including these variables singly in addition to the other final model covariates. The
estimates were virtually unchanged after adjustment.
With regard to the secondary aim of evaluating sedentary behaviors as risk factors for
GDM, time spent TV watching and frequency of sitting at work in pre, early and mid pregnancy
were not associated with risk of GDM in unadjusted analyses (Table 2.21). However this analysis
was limited by sparse numbers of GDM cases within strata and wide confidence intervals. As
observed for AGT, low participation in sports/exercise in mid pregnancy was associated with a
significantly elevated risk of GDM (Ptrend=0.05). Due to the small total number of GDM cases
(N=33) in our cohort, we limited adjustment in multivariable analyses to maternal age and prepregnancy BMI, the two strongest risk factors for GDM in our population. Similar to unadjusted
results, lower mid pregnancy sports/exercise (Ptrend = 0.04) and higher Composite II score (Ptrend
= 0.05) were positively associated with GDM risk (Table 2.22).
We also evaluated sedentary behaviors as predictors of glucose values on the non-fasting
1-hour 50-gram OGTT (Table 2.23). Time spent TV watching, sitting at work, and
sports/exercise in pre, early and mid pregnancy were not associated with glucose values.
However, higher total sedentary behavior as assessed by Composite II score in mid pregnancy
was significantly associated with elevated glucose values (highest vs. lowest tertile: β=0.081, pvalue=0.04), though the linear trend was not statistically significant.
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Finally, we evaluated several factors as effect modifiers of the association between
sedentary behaviors and risk of AGT. Family history of diabetes, parity (parous vs. nulliparous),
BMI (<25 and ≥25 kg/m2), total caloric intake (<50th percentile and ≥50th percentile) and
pregnancy weight gain at GDM screen (at/or below vs. above weight gain recommendations)
were not statistically significant effect modifiers (data not shown).

2.7 Discussion
In this prospective cohort of pregnant Latina women, we found that time spent TV
watching and frequency of sitting at work were not associated with risk of AGT and GDM. We
also found that low levels of sports and exercise and a composite measure of high levels of total
sedentary behavior in mid pregnancy were associated with abnormal glucose tolerance, but this
finding was based on small numbers of AGT cases and must be interpreted with caution. Despite
these limitations, this is the first study to investigate sedentary behaviors at multiple time points
in relation to risk of AGT and GDM in a pregnant Latina population, an ethnic group at higher
risk for glucose abnormalities both during and outside of pregnancy as compared to non-Latina
white women.

2.7.1 Comparison with Prior Literature
Only two prior studies have examined perinatal sedentary behaviors in relation to risk of
AGT or GDM. In the first study by Oken et al., the authors investigated both time spent TV
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watching and physical activity independently in relation to risk of AGT and GDM among 1600
predominantly white (80%) women (63). The authors found that TV watching in pregnancy (2+
hrs/day vs. <2 hrs/day) was not associated with AGT (OR=1.0, 95% CI 0.6-1.8) or GDM
(OR=1.0, 95% CI 0.8-1.4). Similarly, we found no association between TV watching before or
during pregnancy and risk of AGT (early pregnancy: OR= 0.9, 95% CI 0.5, 1.7) or GDM
(OR=1.25, 95% CI 0.4-3.9). Oken et al. also observed a reduced risk of GDM (OR=0.6, 95% CI
0.3-0.9) and AGT (OR=0.8, 95% CI 0.6-1.0) associated with any vigorous activity before
pregnancy, though the association was weaker during pregnancy (GDM: OR= 0.9, 95% CI 0.51.7; AGT: OR=0.7, 95% CI 0.5-1.0). Similarly, we observed an increased risk of AGT for those
in the lowest quartile of sports and exercise as compared to those in the highest quartile in mid
pregnancy (OR= 2.0, 95% CI 1.0-4.0), but not in pre (OR= 1.0, 95% CI 0.5, 2.0) or early
pregnancy (OR= 1.2, 95% CI 0.6-2.2) and in mid pregnancy for GDM (OR= 5.8, 95% CI 1.130.8).
In the second prospective cohort study examining pre-pregnancy sedentary behaviors and
risk of GDM among 21,765 predominantly white nurses, Zhang et al. found an increased risk for
GDM associated with high levels of TV watching during the year prior to pregnancy (≥20
hrs/week vs. <1 hr/week: RR= 1.7, 95% CI 1.3-2.3) (89). Although we did not find an
independent effect of TV watching on GDM or AGT in pre, early or mid pregnancy, we did find
that low sports/exercise and high total sedentary behavior in mid pregnancy was associated with
AGT and GDM. As in the current study, Zhang et al. analyzed the joint effect of time spent TV
watching and in physical activity on GDM risk. They observed a further increased risk (RR= 2.3,
95% CI 1.1-5.0) for those who watched ≥20 hrs/week of TV and did not perform vigorous
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physical activity as compared to those who watched <2 hrs/week of TV and were in the highest
quintile of physical activity. Similarly, we found that women in the highest tertile for total
sedentary score (Composite II) compared to the lowest tertile in mid pregnancy had an increased
OR for AGT (OR=11.8, 95% CI 2.25-61.86, Ptrend = 0.002) and GDM (Ptrend = 0.048). However,
we had limited statistical power to detect a similar association using GDM as the outcome.
Differences in findings for the relation between TV watching and risk of AGT/GDM
between the current study and those of the prior literature may be due to a number of different
factors. The participants in the current study reported TV watching with less overall variability
than in previous studies, thus limiting the contrast between comparison groups. For example, the
majority (60%) of women in our sample reported watching 2+ hours of TV per day in early
pregnancy suggesting that our population may be overall more sedentary than those of others.
Though the distribution of TV watching was not reported by Zhang et al., Oken et al. reported
that 34% of their pregnant population watched 2+ hours of TV/day. Moreover, the nurses in the
study by Zhang et al. may be more physically active than our population, as Latina women tend
to be less active than non-Latina white women (131, 132). Furthermore, the nurses were not
pregnant during physical activity assessment, and their total activity score assessed a broader
range of activities (a total of 9 aerobic activities) providing a higher range of total activity scores
(89). Furthermore, 6.5% of women in the nurses’ cohort and 5% in Oken et al. developed GDM,
compared to 3.3% in the current study, thus limiting statistical power in our sample. Finally,
substantial differences in population characteristics exist between the current study and that of
Zhang et al., such as ethnicity (100% Latina vs. 92% white), education (70% less than High
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School vs. 100% professional nursing degree), and age (mean age =24 years vs. mean age=30
years) that may have contributed to differences in findings.
Several studies have found an increased risk for abnormal glucose metabolism and type II
diabetes associated with high levels of TV watching in non-pregnant populations (96-98, 127,
133). These studies have consistently found relative risks of 2 to 3-fold for those watching TV
for >40 hrs/week as compared to <1 hr/week for type II diabetes (96, 98) and 1.5-fold for those
watching >14 hrs/week of TV compared to <7 hrs/week for abnormal glucose metabolism (97).
Our highest category of TV watching was 4+ hours/day as compared to <1 hour/day.
Furthermore, Healy et al. demonstrated that time spent TV watching disrupts normal glucose
metabolism in a linear fashion even among those who are meeting Centers for Disease Control’s
physical activity recommendations (133).

2.8 Study Limitations
Our study faces several limitations. To limit error due to difficulty in recalling past
behaviors, we prospectively collected information on sedentary behaviors at two study visits in
early and mid pregnancy. However, participant reporting is still prone to error, which would
likely bias our results toward the null. In addition, time spent TV watching may not always
represent a sedentary behavior if a participant reports watching TV while engaging in other
activities simultaneously, e.g. light housework. The KPAS question on TV watching did not
distinguish between sitting or reclining while watching TV and watching TV while doing other
activities; as a result, question interpretation may result in bias toward the null. Reporting of
sedentary behaviors occurred before screening for AGT/GDM, therefore biased exposure
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reporting based on knowledge of disease status is unlikely. Another limitation is the lack of
information on other types of sedentary behaviors such as riding in vehicles, reading, talking on
the phone, and computer use while sitting, which could further bias our results toward the null.
However, TV watching is known to be a marker of broader sedentary patterns, especially in
women (134) and has been associated with important health outcomes in prior literature (98, 106,
107, 111, 122, 127).
Fewer study participants had fully completed the sedentary behavior assessment at mid
pregnancy (70%), as compared to pre (90%) and early pregnancy (89%). Women missing mid
pregnancy sedentary behavior and physical activity information did not differ from those with
such information in terms of the majority of factors and risk of AGT or GDM, though they
tended to be older, less educated, Spanish/bilingual speakers and parous. If these women missing
sedentary behavior information at mid pregnancy differ in terms of both sedentary behavior and
risk profile for GDM/AGT as compared to those with complete information, bias may ensue.
However, the magnitude of bias is likely to be low given that few overall cases of GDM and
AGT developed in this cohort. Moreover, this type of bias pertains mainly to the mid pregnancy
assessment as there is fewer missing data for pre and early pregnancy, thus there is less likely to
be substantial bias in those time periods.
The use of self-reported exposure information on TV watching and physical activity may
be subject to information bias if reporting is related to disease status. We sought to minimize this
type of bias in two ways: the use of a prospective design and a validated exposure assessment
instrument. By reporting exposure information before disease status is known, it is unlikely that
exposure reporting was influenced by disease status. In addition, the exposure assessment tool
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has been previously validated in this population. However, it is possible for women with a
history of gestational glucose intolerance, who are more likely to develop glucose intolerance
during the index pregnancy, to underreport TV watching and/or over-report physical activity.
Reasons for such biased reporting may be social desirability or their knowledge of exercise
recommendations for those with a GDM history. If this situation occurred, this may bias our
results toward the null value. Moreover, we expect this type of bias to be minimal given that few
women are aware of the underlying hypothesis that sedentary behavior may increase risk of AGT
or GDM.
The classification criteria for both AGT and GDM used in this study has been
recommended by the American Diabetes Association. However, researchers have not agreed on a
global gold standard for this testing. The sensitivity for detecting GDM is 86-90% using the
ADA criteria for diagnosis (84, 135), indicating there may be some degree of false positives in
GDM detection. If misclassification of GDM status were to occur, it unlikely would be related to
exposure status and/or other covariates making this type of misclassification nondifferential. We
expect this type of misclassification to bias our results toward the null value. Similarly,
misclassification may occur in AGT diagnosis as standard definitions have not yet been
established. Such misclassification is expected to bias our results toward the null.
In all, 1006 (82%) participants were screened for GDM/AGT out of 1231 cohort
participants. Of those not screened, N=48 had a spontaneous or therapeutic abortion or delivered
preterm <=28 weeks, N=54 delivered at the study hospital but did not receive the screening, and
N=123 were lost to follow-up (i.e. did not keep prenatal care appointments and did not return
phone calls from study staff). Women who did not receive GDM/AGT screening did not differ
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from the remaining cohort in terms of sedentary behaviors (TV watching, sitting at work, low
sports/exercise, composite I and composite II), therefore we suspect this type of bias to be
minimal.
To assess potential factors that may bias the association between sedentary behavior and
risk of AGT, we collected information on a large number of established risk factors for glucose
intolerance and other behavioral, obstetrical, and sociodemographic factors. We assessed the
potential for confounding using multivariable regression. Our population is restricted to Latina
women which accounts for confounding by ethnicity to a large extent. In addition our population
is restricted to women 16-40 years of age, thus limiting confounding by extreme age in the
reproductive span.
Our study was further limited by small numbers of GDM cases precluding full adjustment
for potential confounding factors for the analysis with GDM as the outcome. However, we
adjusted for pre-pregnancy BMI and maternal age, the two strongest risk factors for GDM in our
population. Other factors that were associated with GDM in our population were income,
maternal education, history of adverse pregnancy outcome, history of GDM and family history of
type II diabetes, though the latter 3 factors were not related to frequency of sitting at work and
sports/exercise. To the extent that income and education were not accounted for by adjusting for
age and pre-pregnancy BMI, the associations may be impacted by these factors.
Approximately 45% of women were missing dietary information, thus limiting full
adjustment for dietary factors that may have confounded the association between sedentary
behaviors and AGT/GDM. However, we assessed the potential for confounding by total calories,
dietary fat and dietary fiber among the sub-sample for whom dietary information was available.
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Participants missing dietary information did not differ significantly from those who had complete
dietary information, although they were more likely to be parous. Adjustment for dietary factors
did not substantially impact the observed findings. Consistent with this finding, recent literature
has found that dietary factors have not been strongly associated with glucose intolerance in
pregnancy (63, 136).

2.9 Generalizability
The participants in this study were pregnant Latina women recruited from an inner city
population. The biologic rational supporting the association between sedentary behaviors and
risk of AGT and GDM is unlikely to vary among different populations of pregnant women.
Given a true biologic association between sedentary behavior and risk of AGT and GDM,
findings from this study will generalize to all pregnant women.

2.10 Conclusion
In summary, we found that time spent TV watching and sitting at work in pre, early, and
mid pregnancy were not associated with AGT or GDM. Future studies should further assess other
types of sedentary behaviors such as other types of sitting in and outside the home at multiple
time points during pregnancy. Findings represent the first study of sedentary behaviors and risk
of glucose intolerance conducted exclusively amongst pregnant Latina women.
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Table 2.10. Distribution of participants according to time spent TV watching in pre, early
and mid pregnancy. Latina GDM Study, 2000-2004.

Time spent TV watching
TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
Total

Pre pregnancy
N (%)

Early pregnancy
N (%)

Mid pregnancy
N (%)

162 (17.7)
265 (29.0)
257 (28.1)
230 (25.2)
914

135 (15.1)
211 (23.5)
238 (26.5)
313 (34.9)
897

102 (14.5)
165 (23.4)
232 (33.0)
205 (29.1)
704
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Table 2.11. Distribution of participants according to frequency of sitting at work in pre,
early and mid pregnancy. Latina GDM Study, 2000-2004.
Frequency of sitting at work

Pre pregnancy
N (%)

Early pregnancy
N (%)

Mid pregnancy
N (%)

Never/rarely

330 (48.1)

134 (30.8)

83 (30.5)

Sometimes

152 (22.2)

93 (21.4)

74 (27.2)

Often

129 (18.8)

135 (31.0)

85 (31.3)

Always

75 (10.9)

73 (16.8)

30 (11.0)

Employed

686 (74.9)

435 (50.0)

272 (42.4)

Not employed

230 (25.1)

435 (50.0)

370 (57.6)

916

870

642

Total
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Table 2.12. Distribution of participants according to participation in sports/exercise
activity in pre, early and mid pregnancy periods. Latina GDM Study, 2000-2004.

Pre pregnancy
Low sports/exercise activity

N (%)

Quartiles of sports/exercise
1 (highest)
2
3
4 (lowest)
Total

225 (24.8)
207 (22.8)
260 (28.6)
217 (23.9)
909

Early pregnancy

Median
score

4.0
2.8
1.5
1.3

N (% )

243 (27.2)
193 (21.6)
251 (28.1)
206 (23.1)
893
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Median
score

2.5
1.5
1.3
1.0

Mid pregnancy
N (%)

188 (26.7)
196 (27.9)
178 (25.3)
141 (20.1)
703

Median
Score

2.5
1.5
1.3
1.0

Table 2.13. Distribution of subjects according to composite sedentary behaviors in pre, early and mid pregnancy
periods. Latina GDM Study, 2000-2004.
Composite Sedentary
Behavior

Pre pregnancy

Early pregnancy

Mid pregnancy

N (%)

Cutpoint

N (%)

Cutpoint

N (%)

Cutpoint

Sedentary behavior
1 (lowest)
2
3
4 (highest)
Total

182 (20.3)
489 (54.5)
39 (4.3)
188 (20.9)
898

>=75th sports; <4hrs TV
<75th sports; <4 hrs TV
>=75th sports; >=4hrs TV
<75th sports; >=4 hrs TV

176 (19.8)
402 (45.3)
66 (7.4)
243 (27.4)
887

>=75th sports; <4hrs TV
<75th sports; <4 hrs TV
>=75th sports; >=4hrs TV
<75th sports; >=4 hrs TV

139 (19.9)
357 (51.0)
49 (7.0)
155 (22.1)
700

>=75th sports; <4hrs TV
<75th sports; <4 hrs TV
>=75th sports; >=4hrs TV
<75th sports; >=4 hrs TV

Sedentary behaviorb
[Range 0-5]
1 (lowest)
2
3 (highest)
Total

218 (32.8)
204 (30.7)
243 (36.5)
665

0-1
2-2
3-5

90 (22.3)
206 (51.1)
107 (26.6)
403

0-1
2-3
4-5

62 (25.1)
128 (51.8)
57 (23.1)
247

0-1
2-3
4-5

a
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Median
1
2
3

a=Composite of TV watching and sports/exercise reversed scored.
b=Composite score of total sitting (TV watching + sitting at work) + sports/exercise reverse scored.

Median
1
3
4

Median
1
3
4

Table 2.14. Distribution of participants according to AGT and GDM classification.
Latina GDM Study, 2000-2004.
Diagnosis
Yes
No
Total

AGT
n (%)
119 (11.83)
887 (88.17)
1006
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GDM
n (%)
33 (3.28)
973 (96.72)
1006

Table 2.15. Distibution of participants according to glucose tolerance and
characteristics. Latina GDM Study, 2000-2004.
NGT

Characteristics
Age categories (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Education level
Less than high school
High school/tech school
>=Some college
Income ($)
<15 k
15-30 k
>30 k
Don't know
Birth place
U.S. (Continental)
Other
Preferred language
English only
Spanish/Both
Parity
Nulliparous
Parous
Pre-pregnancy BMI
2
Underweight (<20 kg/m )
2
Normal (20-<25 kg/m )
2
Overweight (25-<30 kg/m )
2

Obese (>=30 kg/m )
d
Weight gain at GDM screen
Below target weight range
Within target weight range
Above target weight range
Family history of DM
No
Yes
History of GDM
No
Yes
History of adverse pregnancy
outcome
No
Yes
Cigarette use
No
Yes

a

b

c

AGT

p-value

Non-GDM

GDM

p-value

317 (35.74)
342 (38.56)
151 (17.02)
77 (8.68)

23 (19.33)
39 (32.77)
26 (21.85)
31 (26.05)

<0.0001

337 (34.64)
372 (38.23)
170 (17.47)
94 (9.66)

3 (9.09)
9 (27.27)
7 (21.21)
14 (42.42)

<0.0001

388 (50.59)
379 (49.41)

47 (45.63)
56 (54.37)

0.35

423 (50.18)
420 (49.82)

12 (44.44)
15 (55.56)

0.56

455 (56.52)
259 (32.17)
91 (11.30)

47 (45.19)
34 (32.69)
23 (22.12)

0.005

492 (55.97)
279 (31.74)
108 (12.29)

10 (33.33)
14 (46.67)
6 (20.00)

0.048

289 (36.58)
153 (19.37)
42 (5.32)
306 (38.73)

44 (43.14)
18 (17.65)
14 (13.73)
26 (24.19)

<0.001

322 (37.35)
167 (19.37)
50 (5.80)
323 (37.47)

11 (36.67)
4 (13.33)
6 (20.00)
9 (30.00)

0.016

436 (53.96)
372 (46.04)

36 (30.51)
82 (69.49)

0.39

477 (54.02)
406 (45.98)

11 (36.67)
19 (63.33)

0.061

586 (67.2)
286 (32.8)

69 (58.47)
49 (41.53)

0.06

635 (66.28)
323 (33.72)

20 (62.50)
12 (37.50)

0.66

357 (40.34)
528 (59.66)

36 (30.51)
82 (69.49)

0.04

383 (39.48)
587 (60.52)

10 (30.30)
23 (69.70)

0.29

118 (13.55)
345 (39.61)
213 (24.45)
195 (22.39)

10 (8.70)
26 (22.61)
32 (27.83)
47 (40.87)

<0.0001

128 (13.42)
365 (38.26)
240 (25.16)
221 (23.17)

0 (0)
6 (18.75)
5 (15.63)
21 (65.63)

<0.0001

168 (23.50)
252 (35.24)
295 (41.26)

19 (22.09)
24 (27.91)
43 (50.0)

0.27

185 (23.66)
270 (34.53)
327 (41.82)

2 (10.53)
6 (31.58)
11 (57.89)

0.28

314 (37.47)
524 (62.53)

25 (22.73)
85 (77.27)

0.002

334 (36.38)
584 (63.62)

5 (16.67)
25 (83.33)

0.027

849 (96.48)
31 (3.52)

107 (91.45)
10 (8.55)

0.01

928 (96.27)
36 (3.73)

28 (84.85)
5 (15.15)

0.001

836 (94.25)
51 (5.75)

103 (88.03)
14 (11.97)

0.01

914 (93.94)
59 (6.06)

25 (80.65)
6 (19.35)

0.003

632 (77.17)
187 (22.83)

98 (89.09)
12 (10.91)

0.004

703 (78.37)
194 (21.63)

27 (84.38)
5 (15.63)

0.42
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Table 2.15 continued.
a

b

c

NGT
p-value
p-value
Characteristics
AGT
Non-GDM
GDM
Illicit drug use
No
777 (94.18) 106 (95.50)
0.57
852 (94.35)
31 (96.97)
0.71
Yes
48 (5.82)
5 (4.50)
51 (5.65)
2 (6.06)
e
Total physical activity (quartiles)
1
212 (25.39)
28 (25.23)
0.10
230 (25.19)
10 (30.30)
0.64
2
219 (26.23
22 (19.82)
234 (25.63)
7 (21.21)
3
210 (25.15)
24 (21.62)
228 (24.97)
6 (18.18)
4
194 (23.23)
37 (33.33)
221 (24.21)
10 (30.30)
P-values derived from chi square tests for categorical variables.
a =NGT denotes normal glucose tolerant
b=P-value comparing AGT and NGT
c=P-value comparing GDM and non-GDM cases
d=Exceeds target weight >3% target weight, below target weight <-3%, at target weight
(between -3 and 3% of target weight)
e=Quartiles of total activity weighted based on contribution of each activity type to total activity
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Table 2.16. Distribution of subjects according to time spent TV watching and
characteristics. Latina GDM Study, 2000-2004.
Characteristics
Age categories (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Education level
Less than high school
High school/tech school
>=Some college
Income ($)
<15 k
15-30 k
>30 k
Don't know
Birth place
U.S. (Continental)
Other
Preferred language
English only
Spanish/Both
Parity
Nulliparous
Parous
Pre-pregnancy BMI
2
Underweight (<20 kg/m )
2
Normal (20-<25 kg/m )
2
Overweight (25-<30 kg/m )
2

0-<1hr/day

1-<2 hrs/day

2-<4 hrs/day

4+ hrs/day

p-value

62 (37.80)
54 (32.93)
28 (17.07)
20 (12.20)

75 (29.53)
93 (36.61)
48 (18.90)
38 (14.96)

92 (31.29)
122 (41.50)
55 (18.71)
25 (8.50)

154 (40.10)
133 (34.64)
67 (17.45)
30 (7.81)

0.03

60 (40.99)
95 (59.01)

102 (41.46)
144 (58.54)

129 (45.74)
153 (54.26)

230 (63.89)
130 (36.11)

<0.0001

90 (58.06)
41 (26.45)
24 (15.48)

114 (48.72)
80 (34.19)
40 (17.09)

150 (55.15)
92 (33.82)
30 (11.03)

214 (60.11)
105 (29.49)
37 (10.39)

0.05

52 (34.21)
29 (19.08)
16 (10.53)
55 (36.18)

76 (33.19)
48 (20.96)
16 (6.99)
89 (38.86)

100 (37.59)
66 (24.81)
16 (6.02)
84 (31.58)

138 (39.32)
62 (17.66)
22 (6.27)
129 (36.75)

0.27

91 (58.71)
64 (41.29)

123 (51.68)
115 (48.32)

154 (56.41)
119 (43.59)

195 (54.17)
165 (45.83)

0.53

119 (72.56)
45 (27.44)

175 (70.00)
75 (30.00)

187 (64.71)
102 (35.29)

247 (64.49)
136 (35.51)

0.17

66 (40.74)
96 (59.26)

90 (35.57)
163 (64.43)

108 (37.37)
181 (62.63)

162 (43.09)
214 (56.91)

0.23

12 (7.45)
62 (38.51)
42 (26.09)
45 (27.95)

27 (10.84)
85 (34.14)
78 (31.33)
59 (23.69)

48 (16.78)
100 (34.97)
65 (22.73)
73 (25.52)

55 (14.82)
156 (42.05)
82 (22.10)
78 (21.02)

0.02

66 (25.00)
77 (29.17)
121 (45.83)

0.13

129 (35.34)
236 (64.66)

0.99

372 (97.89)
8 (2.11)

0.003

352 (94.62)
20 (5.38)

0.67

274 (74.05)
96 (25.95)

0.06

342 (91.69)
31 (8.31)

0.04

142 (37.47)
123 (32.45)
75 (19.79)
39 (10.29)

<0.0001

Obese (>=30 kg/m )
d
Weight gain at GDM screen
Below target weight range
18 (18.18)
54 (27.14)
34 (20.99)
Within target weight range
37 (37.37)
63 (31.66)
67 (41.36)
82 (41.21)
Above target weight range
44 (44.44)
61 (37.65)
Family history of DM
No
57 (35.85)
89 (36.33)
99 (35.61)
Yes
102 (64.15)
156 (63.67)
179 (64.39)
History of GDM
No
161 (98.17)
243 (96.05)
266 (92.68)
Yes
3 (1.83)
10 (3.95)
21 (7.32)
History of adverse pregnancy outcome
No
145 (92.36)
235 (95.14)
265 (93.97)
Yes
12 (7.64)
12 (4.86)
17 (6.03)
Cigarette use
No
134 (82.21)
200 (81.63)
226 (79.86)
Yes
29 (17.79)
45 (18.37)
57 (20.14)
Illicit drug use
No
158 (96.93)
235 (95.14)
274 (95.80)
Yes
5 (3.07)
12 (4.86)
12 (4.20)
Total Physical Activity (quartiles)
1
21 (12.88)
48 (19.12)
59 (20.27)
2
30 (18.4)
50 (19.92)
68 (23.37)
3
40 (24.54)
74 (29.48)
87 (29.90)
4
72 (44.17)
79 (31.47)
77 (26.46)
P-values derived from chi square tests for categorical variables.
DM denotes diabetes mellitus, GDM denotes gestational diabete mellitus.
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Table 2.17. Distribution of subjects according to frequency of sitting at work and
characteristics. Latina GDM Study, 2000-2004.
Characteristics
Age categories (years)
16-19
20-24
25-29
30-40
Education level
Less than high school
High school/tech school
>=Some college
Income ($)
<15 k
15-30 k
>30 k
Don't know
Birth place
U.S. (Continent al)
Other
Pref erred language
English only
Spanish/Both
Parity
Nulliparous
Parous
Pre-pregnancy BMI
Underweight (<20 kg/m 2 )
Normal (20-<25 kg/m2 )
Overweight (25-<30 kg/m2 )

Never/rarely
58
58
24
21

(36.02)
(36.02)
(14.91)
(13.04)

Sometimes

Always

198
188
103
50

(36. 73)
(34. 88)
(19. 11)
(9.28)

p-value

55 (34.59)
59 (37.11)
28 (17.61)
17 (10.69)

37
30
17
5

80 (53.33)
51 (34.0)
19 (12.67)

38 (35.19)
50 (46.30)
20 (18.52)

60 (40.0)
56 (37.33)
34 (22.67)

39 (48.15)
32 (39.51)
10 (12.35)

334 (67. 20)
121 (24. 35)
42 (8.45)

<0.0001

53
35
9
48

31
30
13
32

(29.25)
(28.30)
(12.26)
(30.19)

44 (29.53)
42 (28.19)
17 (11.41)
46 (30.87)

21
23
8
29

(25.93)
(28.40)
(9.88)
(35.80)

206 (42. 39)
69 (14.20)
22 (4.53)
189 (38. 89)

<0.0001

81 (53.64)
70 (46.36)

65 (60.19)
43 (63.87)

86 (56.58)
66 (43.42)

48 (60.0)
32 (40.0)

267 (53. 29)
234 (46. 71)

0.59

105 (65.63)
55 (34.38)

84 (71.19)
34 (28.81)

117 (74.52)
40 (25.48)

66 (75.0)
22 (25.0)

341 (63. 62)
195 (36. 38)

0.034

75 (50.0)
79 (50.0)

43 (36.13)
76 (63.87)

63 (39.87)
95 (60.13)

39 (44.83)
48 (55.17)

188 (35. 54)
341 (64. 46)

0.015

23
60
36
38

14
39
29
36

(11.86)
(33.05)
(24.58)
(30.51)

18 (11.46)
61 (38.85)
41 (26.11)
37 (23.57)

10 (11.630
38 (44.19)
23 (26.74)
15 (17.44)

70 (13.46)
196 (37. 69)
129 (24. 81)
125 (24. 04)

0.88

18 (25.00)
25 (34.72)
29 (40.28)

24 (21.43)
39 (34.82)
49 (43.75)

19 (30.16)
23 (36.51)
21 (33.33)

91 (25.71)
113 (31. 92)
150 (42. 37)

0.27

40 (38.46)
50 (48.08)
48 (31.37)
105 (68.63)

36 (32.43)
75 (67.57)

57 (36.54)
99 (63.46)

27 (31.76)
58 (68.24)

192 (37. 43)
321 (62. 57)

0.56

(14.65)
(38.22)
(22.93)
(24.20)

(41.57)
(33.71)
(19.10)
(5.62)

Not employed

(22.31)
(45.45)
(19.01)
(13.22)

(36.55)
(24.14)
(6.21)
(33.10)

27
55
23
16

Often

0.17

Obese (>=30 kg/m 2 )
Weight gain at GDM screend
Below t arget weight range
W ithin target weight range
Above target weight range
Family history of DM
No
Yes
History of GDM
No
Yes
History of adverse pregnancy
outcome
No
Yes

154 (96.86)
5 (3.14)

115 (96.64)
4 (3.36)

150 (94.94)
8 (5.06)

82 (96.47)
3 (3.53)

515 (96. 26)
20 (3.74)

0.92

148 (94.27)
9 (5.73)

107 (91.45)
10 (8.55)

147 (94.84)
8 (5.16)

83 (97.65)
2 (2.35)

489 (94. 77)
27 (5.23)

0.43

Cigarette use
No
Yes

135 (87.66)
19 (12.34)

93 (80.17)
23 (19.83)

136 (87.18)
20 (12.82)

68 (82.93)
14 (17.07)

381 (73. 41)
138 (26. 59)

<0.0001

Illicit drug use
No
Yes

147 (94.84)
8 (5.16)

114 (97.44)
3 (2.56)

147 (93.63)
10 (6.37)

83 (100.0)
0 (0)

487 (93. 12)
36 (6.88)

0.062

24
20
26
15

197 (37. 17)
160 (30. 19)
112 (21. 13)
61 (11.51)

<0.0001

14 (13.46)

Total Physical Act ivity (quartiles)
1
14 (8/75)
9 (7.50)
22 (13.92)
2
26 (16.25)
19 (15.83)
42 (26.58)
3
44 (27.50)
36 (30.0)
46 (29.11)
4
76 (47.50)
56 (46.67)
48 (30.38)
P-values derived from chi square tests for categorical variables.
DM denotes diabetes mellitus, GDM denotes gestational diabete mellitus.
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(28.24)
(23.53)
(30.59)
(17.65)

Table 2.18. Distribution of participants according to participation in sports/exercise
and characteristics. Latina GDM Study, 2000-2004.
Sports/exercise participation
Characteristics
Age categories (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Education level
Less than high school
High school/tech school
>=Some college
Income ($)
<15 k
15-30 k
>30 k
Don't know
Birth place
U.S. (Continental)
Other
Preferred language
English only
Spanish/Both
Parity
Nulliparous
Parous
Pre-pregnancy BMI
2
Underweight (<20 kg/m )
2
Normal (20-<25 kg/m )
2
Overweight (25-<30 kg/m )
2

4th quartile
(highest)

3rd quartile

2nd quartile

1st quartile
(lowest)

111 (36.75)
113 (37.42)
45 (14.90)
33 (10.93)

71 (30.60)
83 (35.78)
57 (24.57)
21 (9.05)

116 (37.91)
109 (35.62)
50 (16.34)
31 (10.13)

84 (33.73)
96 (38.55)
45 (18.07)
24 (9.64)

0.28

144 (49.83)
145 (50.17)

109 (47.39)
121 (52.61)

128 (45.23)
155 (54.77)

143 (59.83)
96 (40.17)

0.01

163 (58.42)
84 (30.11)
32 (11.47)

118 (55.66)
65 (30.66)
29 (13.68)

139 (49.29)
104 (36.88)
39 (13.83)

146 (60.58)
67 (27.80)
28 (11.62)

0.22

96 (35.04)
59 (21.53)
23 (8.39)
96 (35.04)

71 (33.33)
34 (15.96)
15 (7.04)
93 (43.66)

90 (32.61)
66 (23.91)
18 (6.52)
102 (36.96)

110 (47.41)
45 (19.40)
12 (5.17)
65 (28.02)

0.01

152 (54.09)
128 (45.91)

127 (58.80)
89 (41.20)

155 (54.77)
128 (45.23)

125 (51.44)
118 (48.56)

0.47

208 (69.33)
92 (30.67)

153 (66.81)
76 (33.19)

205 (67.88)
97 (32.12)

156 (62.65)
93 (37.35)

0.40

125 (42.52)
169 (57.48)

72 (31.58)
156 (68.42)

132 (43.56)
171 (56.44)

95 (38.31)
153 (61.69)

0.03

38 (13.15)
120 (41.52)
67 (23.18)
64 (22.15)

26 (11.35)
90 (39.30)
53 (23.14)
60 (26.20)

39 (13.04)
102 (34.11)
89 (29.77)
69 (23.08)

41 (16.87)
88 (36.21)
54 (22.22)
60 (24.69)

0.31

49 (28.99)
56 (33.14)
64 (37.87)

0.46

81 (33.20)
163 (66.80)

0.09

237 (96.34)
9 (3.66)

0.47

229 (95.02)
12 (4.98)

0.70

178 (72.36)
68 (27.64)

0.06

232 (93.93)
15 (6.07)

0.36

98 (39.36)
62 (24.90)
53 (21.29)
36 (14.46)

<0.0001

Obese (>=30 kg/m )
d
Weight gain at GDM screen
32 (20.78)
Below target weight range
47 (22.93)
45 (23.44)
Within target weight range
62 (30.24)
55 (35.71)
69 (35.94)
67 (43.51)
Above target weight range
96 (46.83)
78 (40.63)
Family history of DM
No
115 (39.93)
88 (40.00)
92 (31.72)
Yes
173 (60.07)
132 (60.00)
198 (68.28)
History of GDM
No
285 (95.64)
226 (97.84)
288 (95.36)
Yes
13 (4.36)
5 (2.16)
14 (4.64)
History of adverse pregnancy
outcome
No
266 (93.01)
211 (94.20)
286 (95.02)
Yes
20 (6.99)
13 (5.80)
15 (4.98)
Cigarette use
No
231 (78.84)
185 (81.50)
238 (80.68)
Yes
62 (21.26)
42 (18.50)
57 (19.32)
Illicit drug use
No
274 (92.57)
219 (96.05)
281 (94.93)
Yes
22 (7.43)
9 (3.95)
15 (5.07)
Total physical activity (quartiles)
1
47 (15.72)
50 (21.55)
76 (25.09)
2
59 (19.73)
59 (25.43)
91 (30.03)
3
80 (26.76)
64 (27.59)
77 (25.41)
4
113 (37.79)
59 (25.43)
59 (19.47)
P-values derived from chi square tests for categorical variables.
DM denotes diabetes mellitus, GDM denotes gestational diabete mellitus.
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p-value

Table 2.19. Unadjusted relative risk and 95% C.I. for AGT by type of sedentary
behavior. Latina GDM Study, 2000-2004.
N

Cases

N=914
TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
p-trend

Pre pregnancy
Odds Ratio
(95% C.I.)

162
265
257
230

23
33
30
22

Ref
0.86 (0.49, 1.52)
0.80 (0.45, 1.43)
0.64 (0.34, 1.19)
0.15

Sitting at work
Never/rarely
Sometimes
Often
Always
Not employed
£
P-trend

N=916
330
152
129
75
230

41
26
11
8
21

Ref
1.46 (0.85, 2.48)
0.66 (0.33, 1.32)
0.84 (0.38, 1.88)
0.71 (0.41, 1.23)
0.4

Sports/exercise
1 (highest quartile)
2 (25th-75th
percentile)
3 (lowest quartile)
p-trend

N=909
225

25

Ref

467
217

59
21

1.06 (0.70, 1.90)
0.86 (0.47, 1.58)
0.65

N=898
182
489
39
188

19
63
6
16

Ref
1.27 (0.74, 2.19)
1.56 (0.58, 4.20)
0.80 (0.40, 1.61)
0.83

N=665
218
204
243

24
37
21

Ref
1.79 (1.03, 3.12)
0.77 (0.41, 1.42)
0.18

a

Sedentary behavior
1 (least sedentary)
2
3
4 (most sedentary)
p-trend
b

Sedentary behavior
1 (least sedentary)
2
3 (most sedentary)
p-trend

N

Cases

N=897

Early pregnancy
Odds Ratio
(95% C.I.)

135
211
238
313

19
29
27
31

Ref
0.97 (0.52, 1.82)
0.78 (0.42, 1.47)
0.67 (0.36, 1.24)
0.12

N=703
134
93
135
73
435

14
17
19
6
47

Ref
1.92 (0.89, 4.1)
1.40 (0.67, 2.93)
0.77 (0.28, 2.09)
1.04 (0.55, 1.95)
0.8

N=893
243

23

Ref

444
206

60
21

1.49 (0.90, 2.49)
1.09 (0.58, 2.02)
0.73

N=887
176
402
66
243

19
55
4
26

Ref
1.31 (0.75, 2.28)
0.53 (0.17, 1.63)
0.99 (0.53, 1.85)
0.87

N=403
90
206
107

9
32
9

Ref
1.67 (0.78, 3.63)
0.83 (0.31, 2.18)
0.48

a=Composite of TV watching and sports/exercise reversed scored.
b=Composite score of TV watching + sitting at work + sports/exercise (reverse scored).
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N

Cases

Mid pregnancy
Odds Ratio
(95% C.I.)

102
165
232
205

11
26
28
16

Ref
1.55 (0.73, 3.29)
1.14 (0.54, 2.38)
0.70 (0.36, 1.24)
0.13

N=642
83
74
85
30
370

7
14
8
6
37

Ref
2.53 (0.96, 6.67)
1.13 (0.39, 3.27)
2.71 (0.83, 8.86)
1.21 (0.52, 2.81)
0.37

N=703
188

17

Ref

374
141

40
24

1.21 (0.66, 2.19)
2.06 (1.06, 4.01)
0.03

N=700
139
357
49
155

13
52
4
12

Ref
1.65 (0.87, 3.14)
0.86 (0.27, 2.78)
0.81 (0.36, 1.85)
0.41

N=247
62
128
57

2
18
12

Ref
4.91 (1.10, 21.88)
8.00 (1.71, 37.54)
0.005

N=704

Table 2.20. Multivariate relative risk and 95% C.I. for AGT by type of sedentary
behavior. Latina GDM Study, 2000-2004.
Pre pregnancy
Odds Ratio (95% C.I.)

Early pregnancy
Odds Ratio (95% C.I.)

Mid pregnancy
Odds Ratio (95% C.I.)

TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
p-trend

N=869
Ref
0.88 (0.47, 1.62)
0.83 (0.44, 1.54)
0.87 (0.45, 1.69)
0.65

N=863
Ref
1.02 (0.53, 1.98)
0.90 (0.46, 1.77)
0.88 (0.46, 1.70)
0.61

N=699
Ref
1.45 (0.65, 3.22)
1.27 (0.58, 2.77)
0.83 (0.36, 1.94)
0.42

b

N=841
Ref
1.17 (0.64, 2.13)
0.51 (0.23, 1.14)
0.77 (0.32, 1.87)
0.78 (0.43, 1.42)
0.26

N=801
Ref
2.08 (0.91, 4.77)
1.33 (0.59, 2.97)
0.86 (0.29, 2.59)
1.21 (0.61, 2.40)
0.88

N=610
Ref
2.78 (1.02, 7.59)
1.11 (0.37, 3.37)
2.45 (0.68, 8.85)
1.33 (0.55, 3.22)
0.53

N=847
Ref
1.31 (0.77, 2.25)
1.00 (0.51, 1.96)
0.95

N=831
Ref
1.42 (0.83, 2.45)
1.16 (0.60, 2.24)
0.62

N=670
Ref
1.07 (0.57, 1.99)
2.01 (1.01, 4.02)
0.048

d,e

N=837
Ref
1.44 (0.80, 2.58)
2.18 (0.71, 6.74)
1.20 (0.57, 2.55)
0.96

N=827
Ref
1.20 (0.67, 2.15)
0.50 (0.14, 1.79)
1.12 (0.58, 2.17)
0.69

N=670
Ref
1.55 (0.80, 3.02)
0.98 (0.30, 3.28)
0.84 (0.36, 1.99)
0.37

d,f

N=627
Ref
2.14 (1.18-3.89)
0.72 (0.37-1.41)
0.34

N=376
Ref
1.68 (0.73-3.88)
0.85 (0.30-2.42)
0.75

N=237
Ref
6.10 (1.26-29.9)
11.8 (2.25-61.86)
0.002

a

Sitting at work
Never/rarely
Sometimes
Often
Always
Not employed
c
p-trend
d

Sports/exercise
1 (highest quartile)
2 (25th-75th percentile)
3 (lowest quartile)
p-trend
Composite sedentary behavior
1 (least sedentary)
2
3
4 (most sedentary)
p-trend

Composite sedentary behavior
1 (least sedentary)
2
3 (most sedentary)
p-trend

a=Adjusted for maternal age, smoking, pre-pregnancy body mass index, history of GDM
b=Adjusted for maternal age, smoking, pre-pregnancy body mass index, maternal education
c=P-trend excluding "not employed" category
d=Adjusted for maternal age, smoking, pre-pregnancy BMI, parity, maternal education
e=Composite of TV watching and sports/exercise reversed scored.
f=Composite score of TV watching + sitting at work + sports/exercise reverse scored.
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Table 2.21. Unadjusted relative risk and 95% C.I. for GDM by type of sedentary behavior. Latina GDM Study, 20002004.
.
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N
N=914

Cases

Pre pregnancy
OR (95% C.I.)

N
N=897

Cases

Early pregnancy
OR (95% C.I.)

N
N=704

Cases

Mid pregnancy
OR (95% C.I.)

TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
p-trend

162
265
257
230

8
8
7
7

Ref
0.60 (0.22, 1.63)
0.54 (0.19, 1.52)
0.60 (0.22, 1.70)
0.36

135
211
238
313

5
8
5
10

Ref
1.03 (0.33, 3.20)
0.56 (0.16, 1.96)
0.86 (0.29, 2.56)
0.62

102
165
237
205

3
10
7
6

Ref
2.13 (0.57, 7.93)
1.03 (0.26, 4.05)
1.00 (0.24, 4.06)
0.44

Sitting at work
Never/rarely
Sometimes
Often
Always
Not employed
a
P-trend

330
152
129
75
230

12
9
2
2
5

Ref
1.67 (0.69, 4.05)
0.42 (0.09, 1.89)
0.73 (0.16, 3.31)
0.59 (0.21, 1.70)
0.42

134
93
135
73
435

4
3
7
1
12

Ref
1.08 (0.24, 4.96)
1.78 (0.51, 6.22)
0.45 (0.05, 4.12)
0.92 (0.29, 2.91)
0.99

83
74
85
30
370

3
4
4
2
12

Ref
1.52 (0.33, 7.04)
1.32 (0.29, 6.07)
1.91 (0.30, 12.0)
0.89 (0.25, 3.24)
0.56

N=909
225
467
217

10
16
4

Ref
0.76 (0.34, 1.71)
0.40 (0.13, 1.31)
0.13

N=893
243
444
206

16
16
6

Ref
1.48 (0.57, 3.82)
1.18 (0.38, 3.73)
0.75

N=703
188
374
141

1
17
8

Ref
8.91 (1.18, 67.43)
11.25 (1.39, 91.0)
0.01

182
489
39
188

8
14
2
5

Ref
0.64 (0.26, 1.56)
1.18 (0.24, 5.76)
0.59 (0.19, 1.85)
0.93

176
402
66
243

5
13
1
9

Ref
1.14 (0.40, 3.26)
0.53 (0.06, 4.59)
1.32 (0.43, 4.00)
0.89

139
357
49
155

0
20
1
5

Ref
NC
NC
NC
NC

218
204
243

11
9
6

Ref
0.87 (0.35-2.14)
0.48 (0.17-1.31)
0.15

90
206
107

4
7
5

Ref
0.76 (0.22-2.65)
1.05 (0.27-4.05)
0.95

62
128
57

1
8
5

Ref
4.07 (0.50-33.26)
5.87 (0.66-51.82)
0.10

Sports/exercise
1 (highest quartile)
2 (25th-75th percentile)
3 (lowest quartile)
p-trend
Composite sedentary behavior
1 (least sedentary)
2
3
4 (most sedentary)
p-trend
Composite sedentary behavior
1 (least sedentary)
2
3 (most sedentary)
p-trend

b

c

NC denotes not calculable
a=P-trend excluding "not employed" category
b=Composite of TV watching and sports/exercise reversed scored.
c=Composite score of TV watching + sitting at work + sports/exercise reverse scored.

Table 2.22. Multivariate relative risk and 95% C.I. for GDM by type of sedentary
behavior. Latina GDM Study, 2000-2004.
Pre pregnancy

Early pregnancy

Mid pregnancy

Odds Ratio (95% C.I.)

Odds Ratio (95% C.I.)

Odds Ratio (95% C.I.)

N=905

N=887

N=699

Ref
0.59 (0.22-1.58)
0.34 (0.11-1.04)
0.70 (0.24-2.01)
0.32

Ref
1.15 (0.36-3.71)
0.87 (0.25-3.0)
1.25 (0.40-3.90)
0.78

Ref
3.18 (0.71-14.17)
2.24 (0.48-10.39)
1.73 (0.36-8.44)
0.96

N=680
Ref
1.38 (0.56-3.37)
0.27 (0.05-1.37)
0.36 (0.05-2.89)
0.13

N=431
Ref
1.26 (0.30-5.44)
1.81 (0.50-6.52)
0.58 (0.06-5.51)
0.84

N=269
Ref
2.34 (0.50-11.02)
1.54 (0.31-7.74)
1.05 (0.10-11.55)
0.85

N=901
Ref
0.76 (0.33-1.75)
0.42 (0.13-1.41)
0.16

N=883
Ref
1.84 (0.69-4.89)
1.33 (0.40-4.34)
0.61

N=698
Ref
4.91 (1.02-23.7)
5.80 (1.09-30.76)
0.04

a,b

N=890
Ref
0.65 (0.25-1.70)
1.59 (0.29-8.75)
0.92 90.28-3.05)
0.89

N=877
Ref
1.34 (0.45-4.01)
1.02 (0.11-9.36)
1.92 (0.60-6.18)
0.28

N=695
Ref
NC
NC
NC
0.37

a,c

N=661
Ref
0.99 (0.38-2.570
0.35 (0.11-1.10)
0.11

N=400
Ref
0.85 (0.23-3.19)
1.26 (0.31-5.22)
0.73

N=244
Ref
6.36 (0.53-75.78)
11.22 (0.87-144.85)
0.048

a

TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
p-trend
a

Sitting at work
Never/rarely
Sometimes
Often
Always
p-trend

a

Sports/exercise
1 (highest quartile)
2 (25th-75th percentile)
3 (lowest quartile)
p-trend
Composite sedentary behavior
1 (least sedentary)
2
3
4 (most sedentary)
p-trend

Composite sedentary behavior
1 (least sedentary)
2
3 (most sedentary)
p-trend

a=Adjusted for maternal age and pre-pregnancy BMI.
b=Composite of TV watching and sports/exercise reversed scored.
c=Composite score of TV watching + sitting at work + sports/exercise reverse scored.
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Table 2.23. Linear regression estimates (log scale) of 1-hr 50-g OGTT results by type of
sedentary behavior. Latina GDM Study, 2000-2004.

a

TV watching
0-<1 hr/day
1-<2 hrs/day
2-<4 hrs/day
4+ hrs/day
p-trend

Pre pregnancy
Unadjusted
Adjusted
β (p-value)
β (p-value)
Ref
Ref
0.0006 (0.98)
0.006 (0.80)
0.002 (0.94)
0.013 (0.57)
-0.003 (0.89)
0.024 (0.30)
0.90
0.26

Early pregnancy
Unadjusted
Adjusted
β (p-value)
β (p-value)
Ref
Ref
-0.004 (0.88)
-0.008 (0.76)
-0.008 (0.75)
-0.003 (0.90)
-0.020 (0.40)
-0.004 (0.86)
0.33
0.96

Mid pregnancy
Unadjusted
Adjusted
β (p-value)
β (p-value)
Ref
Ref
-0.008 (0.79)
-0.027 (0.34)
-0.021 (0.44)
-0.021 (0.43)
-0.037 (0.18)
-0.039 (0.16)
0.13
0.22

Ref
0.009 (0.69)
0.018 (0.45)
-0.0004 (0.98)
-0.008 (0.70)
0.69

Ref
-0.001 (0.96)
0.016 (0.49)
0.002 (0.95)
0.012 (0.55)
0.61

Ref
0.017 (0.58)
0.016 (0.56)
0.025 (0.46)
-0.004 (0.86)
0.47

Ref
-0.0004 (0.99)
0.0019 (0.95)
0.026 (0.43)
0.0026 (0.91)
0.53

Ref
0.043 (0.24)
-0.024 (0.49)
0.036 (0.46)
-0.050 (0.07)
0.93

Ref
0.038 (0.29)
-0.019 (0.59)
0.017 (0.73)
-0.041 (0.13)
0.70

Ref
0.019 (0.31)
0.0002 (0.99)
0.98

Ref
0.025 (0.17)
0.011 90.58)
0.56

Ref
0.013 (0.46)
-0.0056(0.79)
0.84

Ref
0.009 (0.63)
-0.002 (0.91)
0.94

Ref
0.004 (0.85)
0.039 (0.13)
0.15

Ref
0.000 (0.99)
0.036 (0.16)
0.19

Ref
0.067 (0.05)
0.077 (0.06)
0.21

Ref
0.057 (0.10)
0.081 (0.04)
0.17

b

Sitting at work
Never/rarely
Sometimes
Often
Always
Not employed
p-trend
c

Sports/exercise
1 (highest quartile)
2 (25th-75th percentile)
3 (lowest quartile)
p-trend

Composite sedentary
c
behavior
Low sedentary score
Ref
Ref
Ref
Ref
Medium sedentary score
0.012 (0.59)
0.013 (0.57)
0.044 (0.14)
0.038 (0.19)
High sedentary score
0.024 (0.28)
0.024 (0.27)
-0.011 (0.74)
-0.011 (0.75)
p-trend
0.66
0.43
0.43
0.44
a=Adjusted for maternal age, smoking, pre-pregnancy BMI, history of GDM
b=Adjusted for maternal age, smoking, pre-pregnancy BMI, maternal education
c=Adjusted for maternal age, smoking, pre-pregnancy BMI, parity, maternal education
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CHAPTER 3
MATERNAL PHYSICAL ACTIVITY AND RISK OF ADVERSE BIRTH
OUTCOMES IN A PREDOMINANTY LATINA POPULATION

3.1 Introduction

Preterm birth (PTB) (<37 weeks gestation) and low birth weight (LBW) (<2500
grams) rates have steadily increased in recent years in developed countries (137, 138).
According to the Centers for Disease Control and Prevention, over the past 15 years, the
national preterm birth rate increased from 10.6% in 1990 to 12.5% in 2004 with more
than 500,000 infants born prematurely, whereas the LBW rate increased from 7.0% to
8.2% (138, 139). Preterm infants are at increased risk of perinatal mortality and morbidity
as well as developmental delay and disability (137). LBW infants face higher risk of
perinatal morbidity and mortality and chronic disease later in life, such as type II diabetes
mellitus (DM) and obesity (140-142). Another abnormal growth classification, small-forgestational-age (SGA), is defined as those below the 10th percentile of standardized birth
weight distributions for respective gestational age groups (143). Rates for SGA have been
reported as 6-9% in recent years (144-146). From 1985-1986 to 1997-1998, rates of SGA
have declined 11% among Whites and 12% among Blacks, while rates of preterm SGA
births have increased by 3% overall (144). Moreover, the mean birth weight has increased
over time, indicating that infants may be getting heavier on average (144). Like preterm
birth and low birthweight, SGA infants are at risk of growth and developmental
abnormalities and chronic disease as adults (139).
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Among Latina women, those of Puerto Rican descent have the highest rates of
adverse birth outcomes as compared to those of Mexican and Cuban descent, and other
Latina groups (147-149). Several studies have also noted that Puerto Rican women have
have higher infant mortality than other Latina subgroups (147-150). In addition, the
preterm-related infant mortality rate is 75% higher for mainland and island Puerto Rican
mothers than for non-Latina white mothers (151).
Given the increasing rates of adverse birth outcomes and the associated public
health impact, understanding the relationship between modifiable lifestyle factors and
adverse birth outcomes is of public health importance. Approximately 50-60% of
reproductive-aged women engage in regular leisure time physical activity (152), while
only approximately 30% of pregnant women are estimated to exercise regularly at some
point during gestation (153, 154). Latina women report lower rates of physical activity
and are half as likely to meet physical activity guidelines set by the Centers for Disease
Control and Prevention as compared to non-Latina white women (153, 154). Although
recent American College of Obstetricians and Gynecologists’ guidelines now recommend
regular physical activity during pregnancy for women without medical or obstetrical
complications, the appropriate dose of physical activity that is safe for both mother and
developing fetus has not been identified (155).
Earlier studies had suggested that physical activity during pregnancy could pose a
threat to the developing fetus through deprivation of oxygenated blood to the fetus during
and after exercise, increased caloric output, maternal hyperthermia, and ergonomic stress
(156-158). However, physiological compensatory mechanisms such as the redistribution
of blood flow toward the placenta, increased maternal blood volume, and improved heat
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dissipation likely protect the fetus from these factors during maternal physical activity
(157, 159).
The association between physical activity and adverse birth outcomes has been
investigated in over 30 epidemiologic studies in a number of populations over the last 2
decades with conflicting results (160). The study designs, participants, and physical
activity assessments varied widely across studies. Moreover, a recent meta-analysis of 8
intervention studies of physical activity in pregnancy concluded that there was
insufficient evidence to infer a significant benefit or risk to mother or infant (161).
Few studies of physical activity during pregnancy and adverse birth outcomes
have included women of Latina ethnicity, women who may have differing patterns of
physical activity as compared to Whites (162). Prior epidemiologic studies in this area
have been limited by: 1) measurement of only leisure time activity (sports/exercise), 2)
only one assessment of activity throughout pregnancy, 3) study populations of
predominantly affluent women, 4) physical activity assessments without known validity
or reliability in pregnant populations, and 5) lack of information on frequency, intensity,
and duration of activity. No study to date has simultaneously assessed all domains of
activity (sports/exercise, household/caregiving, occupation and active transportation)
relevant to reproductive-aged women.
This study sought to investigate the association between sports/exercise,
household/caregiving, occupational, and active transportation physical activity in pre,
early, and mid pregnancy and risk of adverse birth outcomes. The participants represent
an inner city Latina population of predominantly Puerto Rican descent, a largely
understudied group of high-risk pregnant women.
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3.2 Review of the Literature

3.2.1 Physiology of Physical Activity and Adverse Birth Outcomes
The physiological association between physical activity and adverse birth
outcomes is complex and not completely understood. Earlier studies had suggested
potential harm to the fetus associated with prenatal physical activity, however there may
be a number of compensatory mechanisms to protect both the mother and the developing
fetus (159). In fact, some evidence suggests that physical activity may be beneficial in a
number of ways to maternal and fetal health (163-165).
The first mechanism by which physical activity may affect birth weight and risk of
abnormal fetal growth, such as SGA, is through a redistribution of oxygenated blood
away from the uterus toward working skeletal muscles (159). This redistribution of blood
could deprive the fetus of sufficient oxygenated blood and necessary nutrients potentially
compromising fetal nutrition and growth. However, during exercise the blood flow is
preferentially shifted away from the myometrium and toward the placenta and is
accompanied by increased oxygen extraction by uteroplacental tissues (166, 167).
Moreover, Clapp et al. demonstrated that regular, sustained, strenuous maternal exercise
is not associated with fetal hypoxemia (168). Evidence from animal studies has shown
that even when pregnant ewes are exercised to full exhaustion there was no evidence of
acidosis or anaerobic metabolism in placental or fetal tissues (166). Recent evidence
suggests that regular maternal physical activity may actually be beneficial for
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fetoplacental growth. In addition to delivering heavier babies, Clapp et al. showed that
women who began an exercise program had increased mid-trimester placental growth
rates and vascularization compared to women who did not exercise in pregnancy (163).
Another mechanism by which physical activity may impact fetal growth
restriction and risk of SGA is through increased caloric output or an energy deficit.
Exercise increases daily energy expenditure; this energy output must be balanced against
the nutritional needs of both mother and developing fetus. It has been theorized that
associations between high intensity exercise and reduced birth weight may result from
inadequate nutrition accompanying strenuous exercise, rather than the exercise itself
(159, 169, 170). Dietary intake must be addressed in studies of physical activity and birth
weight as inadequate nutrition is a known determinant of birth weight (169-171).
Concern has also been raised about maternal hyperthermia associated with
physical activity and its effect on the fetus (172). It was thought that hyperthermia may
result in fetal distress subsequently leading to preterm labor (159, 172). Strenuous
physical activity has been shown to mildly raise core maternal body temperature; however
studies have shown that moderate-intensity exercise lasting up to 60 minutes raises the
body temperature only about 0.6 degrees Celsius (173). There are a number of
compensatory mechanisms in place to protect the fetus from increased body temperatures.
For example, the increase in blood volume associated with pregnancy helps to increase
heat release (174). The larger body mass associated with pregnancy also requires more
heat to raise the core body temperature (172, 174). In addition, the temperature required
to induce sweating drops by the 7th week of gestation and continues to fall throughout
pregnancy providing another mechanism of enhanced heat dissipation (174).
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Several mechanisms have been proposed to suggest that exercise may result in
fetal distress, in turn, leading to preterm birth (175). For example, ergonomic stress
associated with physical activity has been postulated as a mechanism leading to preterm
birth (163, 175). Several studies have reported uterine vasoconstriction and increased
uterine contractions during and after physical activity (176-178). However, these studies
were small and results were inconsistent with certain types of activity. For instance, in the
study by Grisso et al., uterine contractions increased with climbing stairs and walking, but
not with formal exercise or lifting heavy objects (176).
In summary, there are several potential concerns associated with physical activity
in pregnancy on birth weight, SGA and timing of delivery such as decreased uterine blood
flow, increased energy expenditure, and ergonomic stress. However, for each of these
concerns, there may be a number of compensatory mechanisms accompanying the
pregnant state to protect both mother and fetus.

3.2.2 Epidemiology of Physical Activity and Adverse Birth Outcomes
The association between physical activity and adverse birth outcomes has been
widely investigated in a number of populations over the last two decades with conflicting
results (160). The study designs, participants, and physical activity assessments varied
widely across studies. Two recent meta-analyses concluded that there is insufficient
evidence to infer a significant risk or benefit to mother or infant associated with physical
activity in pregnancy (161, 179). The majority of studies (n=16) found no association
between physical activity and preterm birth (161, 163, 179-192), with 7 studies
suggesting a protective effect (193-199), and still others (n=5) indicating an increased risk
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associated with occupational activity (200-204). However, in the latter studies, it is
unclear whether the increased risk of preterm birth was related to working long hours,
work-related stress, work-related physical activity, or a combination of these factors.
With respect to birth weight and risk of LBW, approximately 20 studies, including
3 meta-analyses, have reported no association between physical activity and birth weight
or risk of LBW (161, 167, 179-182, 185-188, 192, 205-212), while 7 studies reported a
positive association between physical activity and birth weight (163, 189, 213-217), and
still others (n=11) reported an inverse association with birth weight and/or increased risk
of LBW (156, 168, 200, 214, 218-224). Studies on the association between physical
activity and risk of SGA (n=8) are few in number and results are mixed (183, 208, 225230).
In one of the few studies to assess both occupational and non-occupational related
physical activity, Klebanoff et al. utilized data from the Vaginal Infections and
Prematurity (VIP) Study, a prospective study of 7,101 pregnant women of whom 35%
were Latina, to analyze the association between physical activity and risk of preterm
delivery and birth weight distribution (188). Participants were recruited at prenatal clinics
at one of five centers (Columbia University, NY; University of Washington, Seattle;
University of Oklahoma, Oklahoma City; University of Texas, San Antonio; Louisiana
State University, New Orleans) from 1984 to 1987. The authors measured physical
activity at 23-26 weeks gestational age via interviewer-administered questionnaire with
the question, “In a typical day during the first 5 months of pregnancy, about how many
hours did you spend doing the following?” Activities included standing for long periods
of time, heavy work/exercise and light work/exercise. Time periods of PA were a priori

91

classified as 0, 1-3, 4-7, and 8+ hours per day. Type of occupation was also assessed.
Gestational age at delivery was based on the obstetrician’s best estimate utilizing the last
menstrual period, ultrasonograms, uterine measurements, and detection of fetal heart
tones.
After adjusting for study site, ethnicity, maternal age, education, marital status,
medical insurance, income, current smoking, alcohol use, parity, and employment, heavy
work or exercise ≥4 hrs/day was not associated with preterm birth (OR=1.04, 95% CI
0.76-1.42) as compared to 0 hrs/day, though prolonged standing for ≥8 hrs/day was
associated with a modestly increased risk of preterm birth (OR=1.31, 95% CI 1.01-1.71;
Ptrend = 0.06) compared to 0 hrs of standing throughout the day (188). In contrast, light
work or exercise was associated with a protective effect on preterm birth (≥8 hrs/day
OR=0.59, 95% CI 0.38-0.93; Ptrend=0.0019) compared to not engaging in any light
activity. With regard to fetal growth, increasing time spent in light physical activity was
associated with increased gestational age-adjusted birth weight in unadjusted analyses;
however, after controlling for confounders, physical activity was not associated with birth
weight (Ptrend heavy work=0.29; Ptrend light work=0.25; Ptrend standing=0.12) (188).
One of the first studies to examine both frequency and intensity of physical
activity, Evenson et al. utilized the prospective Pregnancy, Infection and Nutrition Study
(PIN) to examine the association between vigorous activity and risk of preterm birth
(194). Participants (N=1,699), of which 6% were of ‘Other’ race/ethnicity (non-White
and non-African American; % Latina was not reported) were recruited at 24-29 weeks’
gestation from four prenatal clinics in North Carolina from August 1995 to June 1998. In
a telephone interview two weeks after recruitment (26-31 weeks’ gestation), women were
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asked, “Thinking back to three months before you got pregnant until now, have there
been times when you have done any regular exercise or strenuous activity, like aerobic
exercise or jogging, at least twice a week?” If the response was affirmative, the woman
was asked about participation in selected activities at 3 time periods (3 months before
pregnancy, the first 3 months of pregnancy, and the second 3 months of pregnancy) and
how many hours of participation per week in each time period. Activity choices were
selected from the National Maternal and Infant Health Survey and included swimming
laps, jogging at a moderate to fast pace, aerobics or aerobic dance, other fast dancing, and
moderate to fast bicycling with at least six metabolic equivalents (METs). Participants
could also report other kinds of exercise or strenuous activity. Vigorous leisure time
activity was also based on total duration per week: 0, 0.1-2.9, or 3+ hours per week.
Pregnancy outcome information was obtained from hospital delivery logs. Gestational age
at delivery was determined based on an algorithm combining last menstrual period (LMP)
and ultrasound dating.
After adjusting for smoking, maternal age, pre-pregnancy body mass index (BMI),
marital status, maternal education, race, parity, quartiles of energy intake, and bed rest,
vigorous activity in the first trimester (OR=0.80; 95% CI 0.48-1.35) and in the second
trimester (OR=0.52; 95% CI 0.24-1.11) was associated with a non-significant reduced
risk of preterm birth (194). There were no differences in risk of preterm birth associated
with number of hours per week of vigorous activity in the first or second trimester.
Specifically, those with three or more hours of vigorous activity in the first trimester
(OR=0.85; 95% CI 0.44-1.66) and second trimester (OR=0.61, 95% CI 0.23-1.57) did not

93

have an increased risk as compared to those who did not participate in vigorous activity
(p-trends not reported).
Another study examined the relationship between intensity of physical activity
and risk of SGA using a cross-sectional design (225). Alderman et al. studied participants
(n=291) recruited previously as controls for a case-control study of risk factors for
craniosynostosis (231). Physical activity, other prenatal health behaviors and
demographics were obtained from a 1-hour standardized telephone interview after
delivery. The physical activity questions were adapted from the CARDIA Physical
Activity History (PAH) (232), which classifies activities into 13 groups based on intensity
and determines a frequency for each group (at least 1 hour per month, one hour per week,
or two hours per week). Vigorous activities were described to participants as those which
“…increase your heart rate or make you sweat when doing them or make you breathe
hard or raise your body temperature.” Gestational age and birth weight were abstracted
from medical records.
After adjusting for prenatal cigarette and alcohol use, moderate or vigorous
activity performed for at least two hours per week in any month of the second or third
trimester was not associated with SGA (OR=0.8; 95% CI 0.3-2.3) as compared to those
engaging in moderate or vigorous activity for <2 hrs/week. Adjustment for other
demographic, obstetrical or anthropomorphic factors did not affect the estimates. With
regard to specific activities, jogging for ≥2 hrs/week in any month showed a nonsignificant increase in risk of SGA (OR=2.6; 95% CI not reported).
The study by Alderman et al. was one of the first studies to examine intensity and
frequency of physical activity on risk of SGA, whereas most prior studies have focused
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only on occupational activity in relation to this outcome (225). The authors utilized a
physical activity assessment tool with known reliability and validity in a non-pregnant
population, which may not be applicable to pregnant women. Limitations of this study are
a small sample size and the use of a cross-sectional design. The assessment of physical
activity information post-delivery may be affected by differential recall by women who
delivered an infant with adverse birth outcomes and those who did not and the inaccurate
recall of physical activity retrospectively.
There are a number of limitations associated with existing epidemiologic studies
of physical activity in pregnancy and adverse birth outcomes. First, the majority of studies
have focused solely on leisure time physical activity (i.e. sports and exercise), which
tends to represent a <40% of a pregnant woman’s daily energy expenditure (233). Other
physical activities, such as occupational, household/caregiving, and active transportation,
should also be measured to accurately assess risks associated with total activity and
different types of activity. Furthermore, two large studies indicate that Latinas spend a
substantial portion of their physical activity time in occupational, active transportation,
and household type activities (162, 234). Second, many studies were limited by one
assessment of physical activity throughout pregnancy, in spite of the observation that
physical activity patterns vary across the gestational period. Third, the majority of studies
were conducted amongst populations of white, generally high socioeconomic status
women, whose activity patterns may differ from those of Latina women. Studies
conducted among high-risk minority women, who are known to have higher rates of
sedentary behavior and adverse birth outcomes are urgently needed. Fourth, the majority
of studies utilized questionnaires which have not been validated among populations of
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pregnant women. The association between physical activity and birth outcomes is likely
to be modest, therefore the assessment tools must be highly specific to the population,
valid, and reliable to accurately assess risk (160, 165).

3.3 Summary
Rates of adverse birth outcome rates have steadily increased in recent years in
developed countries, yet research is inconclusive as to the cause. LBW and preterm
infants face increased risk for perinatal morbidity and mortality as well as growth and
developmental disorders (139). The public health burden of adverse birth outcomes
underscores the importance of identifying modifiable risk factors associated with birth
weight and length of gestation. Latina women have higher risk of adverse pregnancy
outcomes and are more likely to report leading sedentary lives than non-Latina white
women. Therefore, studies of adverse birth outcomes conducted among high-risk
minority women are urgently warranted.
Physical activity in pregnancy has been implicated as a lifestyle factor associated
with adverse birth outcomes, yet evidence remains inconclusive. While exercise may lead
to uterine vasoconstriction, reduced uterine blood flow, and hyperthermia, compensatory
mechanisms may serve to protect the fetus. Consistent with this finding, the majority of
epidemiologic evidence does not support a harmful effect of physical activity on birth
weight or preterm birth. However, these studies have, in general, relied on physical
activity assessments without known reliability and validity and no study to date has been
conducted exclusively among Latina women, a group at high-risk for adverse pregnancy
outcomes.
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Therefore, this study fills several gaps in existing research with the inclusion of a
minority population, multiple physical activity assessments across pregnancy, a physical
activity measurement tool with known validity and reliability, and the measurement of
multiple domains of activity (household/caregiving, occupational, sports/exercise, and
active transportation).

3.4 Study Aims
1) To investigate the association between total (sports/exercise,
household/caregiving, occupational, active transportation combined) physical
activity in pre, early and mid pregnancy and risk of preterm birth.
2) To investigate the association between total (sports/exercise,
household/caregiving, occupational, active transportation combined) physical
activity in pre, early and mid pregnancy and risk of delivering a small-forgestational-age infant (SGA).
3) To investigate the association between total (sports/exercise,
household/caregiving, occupational, active transportation combined) physical
activity in pre, early and mid pregnancy) and gestational age.
4) To investigate the association between total (sports/exercise,
household/caregiving, occupational, active transportation combined) physical
activity in pre, early and mid pregnancy and birth weight.
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3.5 Methods

3.5.1 Study Design and Population
Participants were self-identified Latinas enrolled in prenatal care in the public
obstetrics and gynecology (OB/GYN) and midwifery practice of a large tertiary care
facility in Western Massachusetts, Baystate Medical Center. Participants were recruited
by bilingual interviewers at prenatal care visits up to 24 weeks of gestation (mean = 15
weeks gestation) from September 2000 to December 2003. Eligibility criteria included
Latina ethnicity, age 16-40 years, <24 weeks gestational age at first interview, singleton
pregnancy, no prior diagnosis of hypertension, chronic renal disease, or type 2 diabetes,
and no prior participation in the study. Interviewers obtained informed consent from
participants approved by the Institutional Review Boards of the University of
Massachusetts-Amherst and Baystate Medical Center.
Interviewers collected information on substance use, medical and obstetric
history, physical activity, and sociodemographic factors at the time of recruitment.
Participants were interviewed a second time in mid-pregnancy to update information on
substance use and physical activity (mean = 28 weeks gestation). Additional medical
factors were collected from medical records by trained medical abstractors.

3.5.2 Outcome Assessment
Gestational age at birth was derived from the clinician’s “best obstetric estimate”.
This estimate was based on sonograms, date of last menstrual period (LMP), date the first
fetal heart beat was heard with a stethoscope, and fundal height abstracted from medical
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records. If the best obstetric estimate was not available (n=2), gestational age was based
on ultrasound. Preterm birth will be defined as birth prior to the 37th completed week of
gestation.
Birth weights were abstracted from medical records at Baystate Medical Center by
trained medical abstractors. SGA was defined as below the 10th percentile of birth weight
for gestational age based on Oken et al.’s continuous distribution of standardized birth
weights in the United States (143). The birth weight distribution as reported by Oken et
al. has been recommended for research purposes because it represents a larger sample and
is more comprehensive than previous reports (143). Moreover, a birth weight distribution
specific to the Puerto Rican population is not currently available. Hispanic birth weight
distributions are available (235), however the infants included in such samples are mainly
of Mexican descent and represent a different population from Puerto Rican infants.

3.5.3 Validity of Outcome Assessment
Currently there is no gold standard for pregnancy dating (i.e. estimating
gestational age). While the most widely used tool for assessing gestational age is maternal
recall of the last menstrual period (LMP), this method is subject to bias in that: 1) the
normal cycle length can vary considerably between women; 3) women with irregular
cycles or anovulation may not adhere to the presumed 28-day cycle; 3) irregular bleeding
may reflect a miscarriage rather than menstrual period; and 4) errors in recall of the LMP
may render the estimate unreliable (145, 236). For these reasons, a clinical method of
assessing gestational age using ultrasound technology is becoming more widely used in
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developed nations where pregnant women routinely receive early ultrasounds. Several
studies have shown the ultrasound method to be superior to the LMP method in
predicting actual delivery dates (237-241); however, the ultrasound estimate may also be
biased for women carrying unusually large or small babies as the clinical estimate is
based on size (236). Furthermore, several researchers have recommended the use of a
hybrid combination of the menstrual and clinical estimate of gestational age as used in
this study (145, 242, 243).
With regard to birth weight, the data for the proposed study was collected directly
from the medical record. Information collected from the medical record is generally
accepted to be the gold standard level of information for medical characteristics, such as
birth weight.
Our classification of SGA utilizes information from both the birth weight and
gestational age assessment, thus validity information discussed previously for these
outcomes also applies to SGA. While there is no gold standard universally accepted for
classification of these outcomes, we used the most current and comprehensive birth
weight distribution available for United States’ infants and standard definitions for SGA
in epidemiologic research (143).

3.5.4 Physical Activity Assessment
Physical activity in pre, early and mid-pregnancy was measured using a modified
version of the Kaiser Physical Activity Survey (KPAS) (244). The KPAS was
interviewer-administered at two time points: at recruitment (mean = 15 weeks gestation)
and at mid-pregnancy (mean = 28 weeks gestation). Pre pregnancy and early pregnancy
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physical activities were assessed at recruitment and mid pregnancy activity at the followup interview. The KPAS measures activity on a 5-point Likert scale ranging from “never”
to “always” in 4 domains: sports/exercise, occupational, household/caregiving, and active
living (transportation). For sports/exercise, the participants may list up to 3 activities and
the corresponding weekly frequency and duration of participation. In addition, total
activity was calculated as the sum of the 4 domains of activity with weights based on the
time spent in each activity from a previous study (233). Each domain of activity will be
categorized in quartiles, except for occupational activity, which includes “not employed”
women in group I and divides working women into two (early and mid pregnancy) or
three (pre pregnancy) groups based on the distribution of occupational activity.

3.5.5 Validity of Physical Activity Assessment
The modified KPAS was validated among a sample of 54 pregnant women at
Baystate Medical Center using 7-days of accelerometer measurements (244). Correlation
coefficients used to measure the reproducibility of the KPAS ranged from r=0.76-0.86
and Spearman correlation coefficients between the KPAS and three published cut points
used to classify accelerometer data ranged from r=0.49-0.59. Correlation coefficients
ranged from 0.25-0.33 for occupational activity, 0.31-0.36 for active living, 0.34-0.51 for
sports/exercise, and 0.12-0.36 for household/caregiving.

3.5.6 Covariate Assessment
Interviewers collected information on substance use, medical and obstetric
history, and sociodemographic factors at the time of recruitment. Information collected on
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substance use included cigarette use, alcohol use, and illicit drug use before and during
pregnancy. Substance use was updated at a second interview in mid pregnancy (mean=28
weeks gestation). Information abstracted from medical records included history of GDM,
reproductive history, family history of diabetes mellitus, pre pregnancy BMI, parity and
pregnancy weight gain. Sociodemographic information collected at recruitment included
age, birth place, length of time in the United States, educational attainment, income and
employment. Psychosocial stress was assessed at both the early and mid pregnancy
interview using the 4-item Perceived Stress Scale (245) and the Modified Life Events
Inventory (246, 247).
Pregnancy diet was assessed using a food frequency questionnaire (FFQ) adapted
from the National Cancer Institute (NCI/Block) FFQ designed for Latinos in Northeastern
United States (of mainly Puerto Rican and Dominican heritage) (248). This questionnaire,
adapted from the Block FFQ designed for non-Latino whites, was validated in a
population of Latinos and non-Latino whites using 24 hour recalls (248). The FFQ was
administered in mid pregnancy (mean=23 weeks gestation) on a subset of the study
population (62%). Total caloric intake (quartiles) was considered as a covariate.

3.5.7 Statistical Analysis
All analyses were performed using SAS 9.1 (SAS Campus Drive, Cary, North
Carolina 27513, USA).
Using chi-square tests for independence, we assessed covariates as potential
confounders by cross-tabulating them with both the outcome and physical activity
variables. Using logistic regression, unadjusted odds ratios and 95% confidence intervals
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(C.I.) were calculated to estimate the unadjusted association between physical activity in
pre, early and mid pregnancy and risk of preterm birth and SGA using the bottom quartile
as the referent group. For the analyses with respect to occupational activity, we reported
results in the tables using group I (not employed) as the referent category, but we also
examined the results using group II (low activity, employed) as the referent category.
We also analyzed the association between % change in physical activity from pre
to early pregnancy and risk of these birth outcomes. We calculated the % change in each
physical activity domain by subtracting the pre pregnancy score from the early pregnancy
score. Because most participants decreased their physical activity from pre to early
pregnancy, the referent group was composed of those who reduced their activity by
>25%, and the three other comparison groups were those who decreased activity from 525%, maintained activity levels between -5 and 5% and those who increased by >5%.
Multivariable logistic regression was used to model the relation between different
types of physical activity and risk of preterm birth and SGA while accounting for
confounding variables. Those covariates which caused a 15% change in the coefficient
for physical activity were considered confounders and included in the final model. We
also included confounding variables identified in previous studies of this association.
Tests for trend were evaluated by entering the categorical variable for physical activity as
an ordinal variable using the category midpoint and using the Wald chi-square test for
statistical significance (p-value <0.05).
A sub-analysis was conducted to determine the extent of potential confounding by
lack of information on history of preterm birth or SGA by restricting the sample to
nulliparous women and comparing the results to that of the entire sample. Furthermore,
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we considered BMI and parity as effect modifiers of the association between physical
activity and risk of preterm birth. Assessment of effect modifiers was accomplished by
including multiplicative interaction terms of physical activity x BMI (<25 kg/m2 and ≥25
mg/m2) and physical activity x parity (nulliparous and parous) in the logistic regression
model and assess statistical significance of the interaction term (p<0.05).
We also considered gestational age and birth weight as continuous outcomes. We
first examined the distribution of both outcomes to assess normality. The distributions
were sufficiently normal and did not require transformation. We utilized least squares
linear regression to model the association between each physical activity domain and
gestational age and birth weight. We reported unadjusted and adjusted beta coefficients
and p-values for each level of the exposure variables. Multivariable linear regression was
used to model the association between physical activity variables and both continuous
outcomes while accounting for confounding variables.
The analysis for preterm birth was restricted to N=1041 women for whom
gestational age information was available and the analysis for SGA was restricted to
N=1040 for whom information on both birth weight and gestational age was available.
Among those missing birth outcome information (N=191, 15%), N=35 had a spontaneous
abortion or therapeutic abortion, N=155 were lost to follow-up, and N=1 was delivered at
the study hospital but the birth weight was missing from the medical record.

3.6 Results
Participants ranged in ages from 16 to 39 years with 72% below age 25 years;
fifty-six percent of the women had not completed high school at enrollment. With respect
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to acculturation factors, 45% were born outside the Continental U.S., 33% were bilingual
(Spanish and English) or preferred only Spanish, and 85% were of Puerto Rican descent.
Regarding medical factors, 60% were multiparous, 5% had a history of adverse pregnancy
outcome (prior stillbirth, preterm birth, low birth weight, or infant with anomaly) and
>40% were overweight or obese according to their pre-pregnancy BMI.
A total of 12% (N=123) of participants delivered preterm (<37 completed weeks)
with 4% delivered before 34 weeks and 8% between 34 and 36 weeks gestation. A total
of 14% (N=148) of participants delivered an SGA infant (Table 3.24). The mean birth
weight was 3172 (SD=612) grams and the mean gestational age was 38 (SD=2.7) weeks.
Lower maternal education, cigarette use, and increased number of stressful life events in
mid pregnancy were statistically significantly associated with increased risk of preterm
birth (Table 3.25). Mothers who delivered term babies gained on average more weight
throughout the pregnancy; however, their length of pregnancy was longer, and therefore
they had greater opportunity for weight gain. In terms of SGA, decreased maternal age,
education and parity and increased mid pregnancy perceived stress were associated with
increased risk for SGA. In addition, mothers who delivered SGA infants had lower prepregnancy BMI, and maternal weight gain compared to mothers who delivered non-SGA
infants.
Overall, activity level in most domains decreased from pre to early pregnancy and
remained stable from early to mid pregnancy (Table 3.26). Total activity and active
transportation levels showed slight increases from early to mid pregnancy with slightly
greater median and 75th percentile values in mid as compared to early pregnancy. A total
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of 75% of women were employed in the year prior to pregnancy whereas only 50% were
employed during pregnancy.
In terms of factors associated with activity level in each domain, increasing
perceived stress was significantly associated with decreased sports/exercise level,
whereas employment and increasing income were borderline associated with increased
sports/exercise level (Table 3.27). Several factors were associated with increased
household/caregiving level, including increasing age, education, parity, perceived stress,
and caloric intake (Table 3.28). Increased occupational activity was associated with
increased education, decreased income, English language preference and increasing
pregnancy weight gain; whereas cigarette use and high perceived stress were associated
with decreased occupational activity (Table 3.29). For active transportation, increased
pre-pregnancy BMI and stressful life events were associated with increased activity,
whereas increased perceived stress was associated with decreased activity (Table 3.30).
Finally, higher total physical activity was associated with increasing age, education,
income, parity, stressful life events, and employment (Table 3.31).
The majority of women decreased their physical activity in all domains from pre
to early pregnancy, while a small percentage of women increased their physical activity
(13% in sports/exercise, 19% in household/caregiving, 20% in active transportation, 17%
in occupational, and 12% for total activity). Incidence of adverse birth outcomes in
women who increased their physical activity did not differ significantly from those who
decreased their activity from pre to early pregnancy (12% preterm birth and 16% SGA for
sports/exercise increase, 8.6% preterm birth and 18% SGA for household/caregiving
increase, 8.4% preterm birth and 14% SGA for active transportation increase, 9% preterm
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birth and 15% SGA for occupational increase, and 9.8% preterm birith and 9.8% SGA in
total activity increase; Table 3.33, 3.35).
In univariate analysis, there was no significant association between any domain of
physical activity and risk of preterm birth in pre, early or mid pregnancy (Table 3.32).
However, there was a suggestion of decreased risk for increasing occupational activity in
pre pregnancy. There was also no association between change in physical activity from
pre to early pregnancy in any domain and risk of preterm birth (Table 3.33). Further
adjustment for confounding factors did not alter this association. However, a significant
reduced risk for preterm birth was observed for those who slightly decreased their total
activity (5-25% reduction) as compared to those who substantially decreased their total
activity by greater than 25% (OR=0.53, 95% C.I. 0.31, 0.94) (Table 3.33).
With regard to risk of SGA in univariate analysis, there was no association
between occupational activity and active transportation and SGA (Table 3.34). However,
increasing household/caregiving activity in mid pregnancy (Ptrend=0.004) and increasing
total activity in pre and mid pregnancy (Ptrend=0.0002) were associated with a significant
decreased risk for SGA. For sports/exercise activity, increased levels in pre pregnancy
were associated with decreased risk for SGA, whereas mid pregnancy activity was
associated with an increased risk, though without significant linear trend. Regarding
change in physical activity from pre to early pregnancy, there was no clear association
between change in occupational, active transportation, sports/exercise, and total activity
and risk of SGA (Table 3.35). However, there was a decreased risk of SGA associated
with maintaining or slightly decreasing household activity levels as compared to those
who substantially decreased their activity by greater than 25%.
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After adjusting for age, education, pre-pregnancy BMI, and parity, results
remained virtually unchanged in direction and magnitude for risk of preterm birth and the
slight impact of occupational activity was attenuated (Table 3.36).
After adjustment for maternal age, parity, pre-pregnancy BMI, and maternal
education, there was a significant reduction in risk of SGA for increasing levels of mid
pregnancy total activity with a significant linear trend (p=0.003) (Table 3.37). Those in
the 3rd and 4th quartile of total activity in mid pregnancy had significant decreased risk for
SGA compared to those in the lowest quartile (OR=0.50, 95% C.I. 0.27, 0.92 and
OR=0.44, 95% C.I. 0.22, 0.86, respectively). We also observed a reduction in risk with
increasing mid pregnancy household/caregiving activity, pre pregnancy sports/exercise,
and a trend toward decreasing risk with mid pregnancy active transportation (p-trend =
0.048). Conversely, we observed an increased risk for SGA for mid pregnancy
sports/exercise, but without significant linear trend (p=0.22). No association was
observed for occupational activity and SGA using either the “not employed” (group 1) as
the referent group or the low activity (employed) (group 2) as the referent group.
Furthermore, after adjustment for multiple confounders, change in physical activity from
pre to early pregnancy in any domain was not associated with SGA (Table 3.35).
We further examined the effect of physical activity on length of gestation and
birth weight as continuous variables. There was no clear association between increasing
physical activity, or change in physical activity, and length of gestation (Table 3.38-3.39).
However, we observed a significant association between increasing total activity and
household/caregiving in mid pregnancy and increasing birth weight (Table 3.40). After
adjustment, women in the 3rd and 4th quartile of total activity delivered infants that
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weighed approximately 155g (p=0.0007) and 91g (p=0.05) heavier, respectively,
compared to women in the 1st quartile. Similarly, women in the 4th quartile of
household/caregiving activity delivered babies weighing approximately 144.5g (p=0.006)
more than those in the bottom quartile. Regarding change in physical activity from pre to
early pregnancy, the majority of domains of activity were not associated with birth weight
(Table 3.41). However, women who maintained their pre pregnancy household/caregiving
activity within 5% delivered heavier babies (p=0.02) than those who decreased their
activity by greater than 25%.
Finally, we examined whether the association between physical activity and
preterm birth, SGA, gestational age and birth weight was modified by parity and prepregnancy BMI. We did not observe significant interaction (p<0.05) between these
factors and physical activity. For the sub-analyses restricted to nulliparous women, results
were similar in magnitude and direction for both SGA and preterm birth.

3.7 Discussion
In this prospective cohort of Latina prenatal care patients, we observed a neutral
or somewhat protective effect of physical activity on birth outcomes. Specifically, we
observed no apparent association between any type of physical activity and risk of
preterm birth or length of gestation; however, there was evidence that increased total
activity was associated with a significant decreased risk of SGA and the delivery of
heavier infants in a dose-response fashion. Occupational and active transportation were
not associated with SGA, whereas increased household/caregiving activity and total
activity in mid pregnancy were associated with a statistically significant decreased risk of
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SGA. Sports/exercise in mid pregnancy was associated with an increased risk of SGA,
while pre and early pregnancy sports/exercise was not. These findings represent results
from the first prospective study of physical activity and risk of adverse birth outcomes in
a Latina population

3.7.1 Comparison with Prior Literature
Our overall findings of a null to protective effect of physical activity on preterm
birth are consistent with the vast majority of prior literature on physical activity in
pregnancy which was conducted using a variety of study designs, populations, and
physical activity assessments (160). A recent review of such studies found that the
majority of studies observed no association between physical activity and preterm birth or
length of gestation (163, 179, 180, 182-192, 194, 249) with some reporting a decreased
risk of preterm birth (193, 195-199, 250), and a small number of studies finding an
increased risk associated with prolonged standing at work (188, 200, 228). Consistent
with previous literature, we did not observe an increased risk of preterm birth or reduced
length of gestation for any domain of physical activity in any pregnancy time point.
To our knowledge, only one study has examined change in physical activity level
with the onset of pregnancy in relation to preterm birth. This study, a large prospective
cohort of over 87,000 pregnancies in the Danish National Birth Cohort, found a slight
decrease in risk for those who maintained (OR=0.81, 95% C.I. 0.72, 0.91) or increased
(OR=0.83, 95% C.I. 0.73, 0.95) their physical activity over the course of pregnancy as
compared to those who remained sedentary across pregnancy (250). Similarly, we
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observed a non-significant decrease in risk for those who increased their total physical
activity from pre to early pregnancy (OR=0.74, 95% C.I. 0.32, 1.69).
Physical activity has been less often studied in relation to SGA and results are
similarly conflicting (225, 226). Only two studies, both using a case-control design, have
examined sports/exercise in relation to SGA. Alderman et al. found no association
(OR=0.80, 95% C.I. 0.3, 2.3) (225), while Campbell et al. in a case-control design study
of n=529, predominantly married and highly educated women (race or ethnicity not
reported), found an increased risk for both high (>5 times per week: OR=4.6, 95% C.I.
1.7, 12.3) and low (<3 times per week: OR=2.6, 95% C.I. 1.3, 5.4) exercise in late
pregnancy (3rd trimester) as compared to moderate exercise (3-5 times a week) (226).
Studies of recreational activity and risk of low birth weight have overall found a null to
protective effect (189, 210, 217) with a significant decreased risk for very low birth
weight (<1500g) (189, 210). We found that sports/exercise in mid pregnancy (4th quartile
vs. 1st: OR= 2.01, 95% C.I. 1.01, 4.33) was positively associated with risk of SGA.
However this observation conflicted with our findings for pre pregnancy sports/exercise
(4th vs. 1st quartile: OR = 0.69, 95% C.I. 0.41, 1.15; Ptrend=0.11) and early pregnancy
sports exercise (OR=0.80, 95% C.I. 0.47, 1.36) which were suggestive of a protective or
null association. In addition, sports/exercise in any time period was not statistically
significantly associated with decreased birth weight.
We found a decreased risk of SGA for increased mid pregnancy
household/caregiving activity (4th quartile vs. 1st: OR=0.69, 95% C.I. 0.34, 1.39 and 3rd
quartile vs. 1st: OR=0.53, 95% C.I. 0.23, 1.00; Ptrend=0.10) and mid pregnancy total
activity (4th quartile vs. 1st: OR=0.44, 95% C.I. 0.22, 0.86; Ptrend = 0.002). Prior studies
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have not directly assessed household/caregiving activity level or total activity in relation
to SGA. However, Launer et al. in an prospective study of n=15,786 low to middle class
Guatemalan women, found a 2-fold increased risk of SGA for women with three or more
children in the home and no household help compared to those with hired help, but actual
activity level was not assessed and gestational age was determined at birth (95% CI 1.16,
3.33) (228). Schramm et al. in a population-based case-control study among n=2,828
predominantly white women, found no association between strenuous household activity
and risk of LBW but found a decreased risk for caring for preschool children on a daily
basis (OR=0.81, p<0.05, 95% C.I. not reported) (210). Another two studies found no
difference in adjusted mean birth weight or risk of LBW between those active in the
home and those who were not, but results suggested a trend toward increased birth weight
with increased energy expenditure (p<0.05) (209, 251).
Overall conflicting results across studies are likely due to the differing methods
and timing of physical activity assessments ranging from retrospective recall at or after
delivery to only one measurement during pregnancy. In addition, a number of studies
utilized questionnaires without known validity or reliability.

3.8 Limitations
Our study has several limitations. We did not have complete information on mid
pregnancy physical activity for all participants. Women missing mid pregnancy physical
activity information did not differ from those without such information in terms of the
majority of sociodemographic and behavioral factors, levels of pre and early pregnancy
physical activity, or risk of preterm birth or SGA. However, they tended to be older, less
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educated, Spanish/bilingual speakers and parous. To the extent that these factors were
associated with our study outcomes, this would result in biasing our observed findings for
mid pregnancy activity.
Due to the social desirability of physical activity, it is possible that participants
overestimated their physical activity level. We suspect this misclassification to be
minimal because the KPAS tool utilized in this study has been validated previously in this
population of pregnant women. The use of bilingual interviewers and limited period of
recall (1 month prior to the interview) may further reduce the magnitude of
misclassification. Furthermore, the prospective nature of the study design precluded the
knowledge of study outcomes (i.e., preterm birth and SGA) from biasing reported
physical activity levels. Therefore, such misclassification would likely bias our results
toward the null value. Another limitation of the KPAS is the Likert-type scoring system
which precludes the calculation of a physical activity dose that may be relevant to
maternal and fetal health and compared to measurements in other studies.
Misclassification of SGA status may occur through random error in weighing the
infant; however this type of error is expected to be minimal due to the objective nature of
birth weight measurement. Preterm birth status (<37 completed weeks gestation) as well
as SGA may be misclassified through inaccurate recall of LMP and/or inaccuracies
associated with ultrasound estimation. However, the majority of gestational ages were
calculated using the obstetrician’s best estimate taking into account multiple sources
including LMP, ultrasound technology, first date of hearing the fetal heart beat, and
fundal height, thus limiting misclassification. Such misclassification is expected to bias
our results toward the null.
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The use of a specific birth weight distribution to classify SGA may lead to
nondifferential misclassification of outcome. Currently, birth weight distributions for
Puerto Rican infants are not yet available; therefore, we chose a recently derived,
nationally representative continuous birth weight standard that represents almost 7
million singleton births between 1999 and 2000 (143). This birth weight distribution has
been recommended for research purposes because it is larger and more comprehensive
than previous standards (143). Recently published United States national birth weight
distributions are largely similar so the expected misclassification by choice of distribution
is expected to be minimal (143, 146, 235). Potential limitations to using birth weight
standards for classifying infants as SGA are the risk of classifying infants who are not
growth restricted but who are genetically small and the somewhat arbitrary cutoff of the
10th percentile (252). However, if misclassification occurs due to the choice of birth
weight standard, this would most likely bias our results toward the null (253).
Due to the prospective nature of this study, selection bias may occur through loss
to follow-up of cohort participants. However, those lost to follow-up must differ in terms
of both disease and exposure status as compared to those remaining in the cohort to
produce such a bias. In our study, those lost to follow-up did not differ from those
remaining in the cohort in terms of pre, early or mid pregnancy physical activity level,
suggesting that selection bias is likely to be minimal.
A second type of possible bias relates to biased surveillance or assessment of the
outcome. However, medical record abstractors were not aware of the physical activity
levels of participants, thus knowledge of the exposure would not influence outcome
ascertainment.
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To assess potential factors that may bias the association between sedentary
behavior and risk of adverse birth outcomes, we collected information on a large number
of established risk factors for SGA and preterm birth and other behavioral, obstetrical,
and sociodemographic factors that may be associated with physical activity. One factor
that was not collected was a prior history of preterm birth or SGA infant. We assessed
prior adverse pregnancy outcome, which includes a prior preterm birth, low birth weight
infant, stillbirth, or infant with anomaly as part of the multivariate analysis. Adjustment
for this factor did not substantially alter results and was not included in the final models.
In addition, we performed a secondary analysis restricted to nulliparous women. Results
were similar in magnitude and direction to that of the entire sample for both SGA and
preterm birth, providing some justification that prior pregnancy history was not a strong
confounding factor.
We cannot rule out the possibility that active women were in general healthier,
and therefore delivered heavier infants as compared to less active women; however, this
is more likely a possibility for voluntary activity, such as sports/exercise as compared to
non-voluntary activity in occupational or household/caregiving domains. Women less
often have a choice whether to participate in active occupations or caring for
children/elderly family members. Therefore, this limitation would be most relevant to
associations between sports/exercise and birth outcome. Finally, we had limited ability to
fully adjust for confounding by dietary factors, as only 62% of our population had dietary
information. When total caloric intake was adjusted for in the subset for whom it was
available, results did not change substantially for any analysis. Finally, overall results
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should be interpreted with caution given the limitation of multiple comparisons and thus,
increased likelihood of significant results due to chance.
There is biologic plausibility to support findings that physical activity is safe and
possibly beneficial during pregnancy. Numerous compensatory mechanisms exist that
protect the fetus from hyperthermia (172, 174), decreased uterine blood flow during
activity (166, 167), and potentially limited fetal oxygen availability (168). In fact, activity
may exert a protective effect on the release of inflammatory factors, such as
catecholamines, that may improve fetal growth and placentation (163, 254). Physical
fitness and pregnancy activity have been shown to increase cardiac output, increase 24hour nutrient delivery to the placenta, and improve placental function (163, 254, 255),
which may in turn increase fetal growth. However, if insufficient calories are consumed
to offset the energy expenditure associated with vigorous physical activity, the fetus may
be smaller at delivery, largely from decreased fat mass (170, 254, 255). Furthermore, the
physiologic association between physical activity and birth outcomes may differ by
activity type, in that sports/exercise may be more vigorous than other forms of activity,
such as household/caregiving activities and walking for transportation.

3.9 Generalizability
The participants in this study were pregnant Latina women recruited from an inner
city population. The biologic rational supporting the association between physical activity
and risk of adverse birth outcomes is likely to be similar among different populations of
pregnant women. Given a true biologic association between physical activity and risk of
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SGA and preterm birth and birth weight and gestational age, findings from this study will
generalize to all pregnant women.

3.10 Conclusion
In summary, in this prospective study of pregnant Latina women, we found that
physical activity was not associated with increased risk of preterm delivery. We found
that increased household and total activity in mid pregnancy were associated with a
decreased risk of SGA while mid pregnancy sports/exercise was associated with an
increased risk. Overall, findings are reassuring and provide justification for the CDC’s
physical activity guidelines that encourage healthy pregnant women to engage in regular,
moderate-level activity.
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Table 3.24. Distribution of study participants according to birth outcome. Latina
GDM Study, 2000-2004.

Preterm birth

Small-forgestational-age

N (%)

N (%)

No
Yes
Total

918 (88.2)
123 (11.8)
1041

892 (85.8)
148 (14.2)
1040

Birth weight (g)
Gestational age (wks)

Mean (SD)
3172.4 (611.8)
38.4 (2.7)

Minimum
214
20

Birth outcome

SD denotes standard deviation; g denotes grams; wks denotes weeks.
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Maximum
5131
42

Table 3.25. Distribution of study participants according to characteristics and birth
outcomes. Latina GDM Study, 2000-2004.
No
Age (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes
Pre-pregnancy BMI (kg/m2)
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)

Preterm birth
Yes

SGA
P

No

Yes

P

305 (33.3)
348 (37.9)
166 (18.1)
99 (10.8)

47 (38.2)
38 (30.9)
20 (16.3)
18 (14.6)

0.28

293 (32.9)
329 (36.9)
171 (19.2)
99 (11.1)

59 (39.9)
57 (38.5)
15 (10.1)
17 (11.5)

0.05

428 (49.2)
442 (50.8)

62 (53.0)
55 (47.0)

0.44

410 (48.5)
436 (41.5)

79 (56.4)
61 (43.6)

0.08

453 (54.5)
270 (32.5)
108 (13.0)

71 (66.4)
29 (27.1)
7 (6.5)

0.04

433 (53.9)
272 (33.8)
99 (12.3)

90 (67.7)
27 (20.3)
16 (12.0)

0.005

302 (59.2)
155 (30.4)
53 (10.4)

40 (53.3)
28 (37.3)
7 (9.3)

0.48

295 (58.0)
159 (31.2)
55 (10.8)

46 (61.3)
24 (32.0)
5 (6.7)

0.54

446 (53.5)
387 (46.5)

59 (54.6)
49 (45.4)

0.83

433 (53.7)
374 (46.3)

71 (53.4)
62 (46.6)

0.95

596 (65.9)
308 (34.1)

72 (60.0)
48 (40.0)

0.20

571 (65.0)
308 (35.0)

97 (67.4)
47 (32.6)

0.57

357 (38.9)
561 (61.1)

46 (37.7)
76 (62.3)

0.80

326 (36.6)
565 (63.4)

77 (52.0)
71 (48.0)

0.004

118 (13.1)
327 (36.3)
232 (25.7)
225 (24.9)

15 (12.4)
56 (46.3)
26 (21.5)
24 (19.8)

0.19

106 (12.1)
332 (37.9)
215 (24.5)
223 (25.5)

27 (18.5)
51 (34.9)
42 (28.8)
26 (17.8)

0.04

31.2 (15.8)

27.4 (14.5)

0.03

31.5 (15.8)

27.1 (14.3)

0.003

495 (88.4)
65 (11.6)

71 (94.7)
4 (5.3)

0.12

497 (88.1)
67 (11.9)

68 (97.1)
2 (2.9)

0.02

678 (80.2)
167 (19.8)

81 (72.3)
31 (27.7)

0.05

651 (79.6)
167 (20.4)

107 (77.5)
31 (22.5)

0.58

838 (98.5)
13 (1.5)

111 (97.4)
3 (2.6)

0.42

811 (98.3)
14 (1.7)

137 (98.6)
2 (1.4)

1.00

805 (94.6)
46 (5.4)

107 (93.9)
7 (6.1)

0.75

782 (94.8)
43 (5.2)

129 (92.8)
10 (7.2)

0.34

543 (68.7)
248 (31.4)

71 (67.6)
34 (32.4)

0.83

572 (68.4)
243 (31.6)

86 (68.8)
39 (31.2)

0.94

466 (72.7)
175 (27.3)

48 (70.6)
20 (29.4)

0.71

450 (74.4)
155 (25.6)

64 (61.5)
40 (38.5)

0.007

a

History adverse pregnancy outcome
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High
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Table 3.25 continued.
No
Life events-early pregnancy
<3 life events
3+ life events
Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

Preterm birth
Yes

SGA
P

No

Yes

P

515 (67.0)
254 (33.0)

66 (64.7)
36 (35.3)

0.65

494 (66.0)
255 (34.0)

87 (71.9)
34 (28.1)

0.20

484 (76.0)
153 (24.0)

45 (66.2)
23 (33.8)

0.07

452 (75.2)
149 (24.8)

77 (74.0)
27 (26.0)

0.80

149 (25.6)
147 (25.3)
142 (24.4)
144 (24.7)

17 (27.0)
16 (25.4)
11 (17.5)
19 (30.2)

0.60

139 (25.2)
140 (25.4)
132 (24.0)
140 (25.4)

27 (28.7)
23 (24.5)
21 (22.3)
23 (24.5)

0.91

SGA denotes small-for-gestational-age
a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to parous women.
P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated using Chi-square test.
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Table 3.26. Distribution of participants according to KPAS physical activity score in
pre, early and mid pregnancy. Latina GDM Study, 2000-2004.
N

Mean (SD )

25th
percentile

50th
percentile

75th
percentile

Pre pregnancy

933

2.36 (1.2)

1.50

2.00

3.25

Early pregnancy

920

1.61 (0.7)

1.25

1.25

1.75

Mid pregnancy

716

1.61 (0.7)

1.25

1.50

1.75

965

2.50 (0.6)

2.11

2.44

2.89

Type of physical activity

Sports/exercise activity

Household/caregiving activity
Pre pregnancy
Early pregnancy

954

2.28 (0.6)

1.88

2.33

2.67

Mid pregnancy

720

2.27 (0.6)

1.88

2.33

2.67

Pre pregnancy

938

2.44 (1.1)

1.00

2.57

3.29

Early pregnancy

930

1.87 (1.0)

1.00

1.00

2.71

Mid pregnancy

706

1.73 (1.0)

1.00

1.00

2.57

Pre pregnancy

942

2.70 (0.8)

2.25

2.75

3.25

Early pregnancy

925

2.29 (0.8)

1.75

2.25

3.00

Mid pregnancy

720

2.43 (0.7)

1.75

2.50

3.00

Pre pregnancy

910

10.10 (1.9)

8.82

10.10

11.39

Early pregnancy

903

8.69 (1.7)

7.52

8.56

9.79

Mid pregnancy

700

8.66 (1.7)

7.50

8.61

9.85

Occupational activity

Active transportation

Total activityb

a=KPAS scores range from 1-5, with 5 being the highest amount of activity.
b=Total activity was weighted by the contribution of each activity toward the total.

SD denotes standard deviation.
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Table 3.27. Distribution of participants according to characteristics and
sports/exercise participation. Latina GDM Study, 2000-2004.
Sports/exercise participation
1st quartile
Age (years)
16-19
20-24
25-29
30-40
Employed (work, volunteer, student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes

2nd quartile

3rd quartile

75 (35.6)
79 (37.4)
36 (17.1)
21 (10.0)

95
95
40
27

(37.0)
(37.0)
(15.6)
(10.5)

58 (29.4)
72 (36.6)
48 (24.4)
19 (9.6)

118 (55.9)
93 (44.1)

115 (45.1)
140 (54.9)

124 (60.2)
59 (28.6)
23 (11.2)

4th quartile
93
97
37
28

P

(36.5)
(38.0)
(14.5)
(11.0)

0.38

96 (48.7)
101 (51.3)

121 (47.6)
133 (52.4)

0.12

118 (49.2)
89 (37.1)
33 (13.8)

106 (57.3)
55 (29.7)
24 (13.0)

141 (58.8)
72 (30.0)
27 (11.3)

0.30

96 (68.1)
35 (24.8)
10 (7.1)

80 (53.0)
56 (37.1)
15 (9.9)

64 (62.1)
27 (26.2)
12 (11.7)

81 (54.0)
51 (34.0)
18 (12.0)

0.11

105 (50.7)
102 (49.3)

126 (52.5)
114 (47.5)

109 (58.3)
78 (41.7)

130 (53.9)
111 (46.1)

0.48

131 (62.1)
80 (37.9)

167 (66.0)
86 (34.0)

127 (65.1)
68 (34.9)

173 (68.1)
81 (31.9)

0.59

85 (40.3)
126 (59.7)

109 (42.6)
147 (57.4)

63 (32.0)
134 (68.0)

109 (42.8)
146 (57.2)

0.08

37 (17.7)
74 (35.4)
46 (22.0)
52 (24.9)
29.8 (15.3)

32 (12.6)
89 (35.0)
74 (29.1)
59 (23.2)
30.3 (14.7)

20 (10.2)
77 (39.1)
45 (22.8)
55 (27.9)
30.6 (16.0)

33 (13.2)
101 (40.4)
57 (22.8)
59 (23.6)
32.3 (16.8)

0.32

136 (91.9)
12 (8.1)

152 (91.0)
15 (9.0)

136 (91.3)
13 (8.7)

140 (87.8)
20 (12.5)

0.55

153 (73.6)
55 (26.4)

201 (80.7)
48 (19.3)

156 (80.4)
38 (19.6)

200 (80.3)
49 (19.7)

0.20

203 (97.1)
6 (2.9)

248 (99.2)
2 (0.80)

191 (98.0)
4 (2.0)

248 (98.8)
3 (1.20)

0.31

197 (94.3)
12 (5.7)

236 (94.4)
14 (5.6)

187 (95.9)
8 (4.1)

233 (92.8)
18 (7.2)

0.59

116 (56.9)
88 (43.1)

164 (66.7)
82 (33.3)

151 (77.8)
43 (22.2)

182 (72.8)
68 (27.2)

<0.0001

106 (69.3)
47 (30.7)

135 (71.8)
53 (28.2)

101 (76.5)
31 (23.5)

126 (71.6)
50 (28.40

0.59

2

Pre-pregnancy BMI (kg/m )
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)
History adverse pregnancy outcomea
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High
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0.40

Table 3.27 continued.
1st quartile
Life events-early pregnancy
<3 life events
3+ life events
Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

Sports/exercise participation
2nd quartile
3rd quartile

4th quartile

P

126 (63.0)
74 (37.0)

169 (71.0)
69 (29.0)

127 (67.9)
60 (32.1)

159 (65.2)
85 (34.8)

0.31

113 (73.9)
40 (26.1)

141 (75.0)
47 (25.0)

103 (80.5)
25 (19.5)

130 (73.5)
47 (26.5)

0.50

36 (25.7)
28 (20.0)
36 (25.7)

47 (28.1)
46 (27.5)
40 (24.0)

37 (30.1)
26 (21.1)
28 (22.8)

33 (19.8)
50 (29.9)
37 (22.2)

0.28

40 (28.6)

34 (20.4)

32 (26.0)

47 (28.1)

a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to parous women.
P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated using Chi-square
test.

123

Table 3.28. Distribution of participants according to characteristics and
household/caregiving activity. Latina GDM Study, 2000-2004.
1st quartile
Age (years)
16-19
20-24
25-29
30-40
Employed (work, volunteer, student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes
Pre-pregnancy BMI (kg/m2)
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)
History adverse pregnancy outcome
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High
Life events-early pregnancy
<3 life events
3+ life events

Household/caregiving activity
2nd quartile
3rd quartile

4th quartile

155 (55.4)
76 (27.1)
34 (12.1)
15 (5.4)

76 (40.9)
67 (36.0)
25 (13.4)
18 (9.7)

66 (25.4)
115 (44.2)
50 (19.2)
29 (11.2)

138 (50.2)
137 (49.8)

86 (47.0)
97 (53.0)

124 (47.9)
135 (52.1)

115 (51.1)
110 (48.9)

0.81

170 (64.4)
72 (27.3)
22 (8.3)

106 (60.6)
55 (31.4)
14 (8.0)

122 (50.2)
76 (31.3)
45 (18.5)

100 (47.6)
80 (38.1)
30 (14.3)

0.002

94 (64.0)
45 (30.6)
8 (5.4)

58 (56.3)
34 (33.0)
11 (10.7)

93 (59.2)
45 (28.7)
19 (12.1)

81 (52.9)
52 (34.0)
20 (13.1)

0.28

150 (56.8)
114 (43.2)

102 (57.6)
75 (42.4)

115 (47.3)
128 (52.7)

118 (55.9)
93 (44.1)

0.09

182 (65.7)
95 (34.3)

131 (70.4)
55 (29.6)

164 (63.6)
94 (36.4)

145 (64.7)
79 (35.3)

0.48

191 (68.2)
89 (31.8)

86 (46.2)
100 (53.8)

75 (28.9)
185 (71.1)

26 (11.4)
201 (88.6)

<0.0001

44 (15.9)
113 (40.9)
72 (26.1)
47 (17.0)

18 (9.7)
71 (38.4)
47 (25.4)
49 (26.5)

32.7 (16.8)

31.7 (15.7)

29.7 (14.1)

29.3 (16.1)

0.08

89 (89.9)
10 (10.1)

100 (91.7)
9 (8.3)

197 (92.9)
15 (7.1)

200 (87.7)
28 (12.3)

0.29

225 (84.0)
43 (16.0)

140 (78.7)
38 (21.3)

200 (80.0)
50 (20.0)

158 (72.5)
60 (27.5)

0.02

270 (98.9)
3 (1.1)

176 (98.9)
2 (1.1)

246 (98.0)
5 (2.0)

215 (97.7)
5 (2.3)

0.71

256 (93.8)
17 (6.2)

166 (93.3)
12 (6.7)

239 (95.2)
12 (4.8)

209 (95.0)
11 (5.0)

0.78

173 (65.8)
90 (34.2)

126 (71.2)
51 (28.8)

177 (72.2)
68 (27.8)

136 (65.4)
72 (34.6)

0.26

134 (67.0)
66 (33.0)

110 (82.7)
23 (17.3)

139 (75.5)
45 (24.5)

98 (66.2)
50 (33.8)

0.003

167 (65.2)
89 (34.8)

119 (68.8)
54 (31.2)

162 (68.4)
75 (31.6)

131 (64.9)
71 (35.1)

0.76
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35
87
64
71

(13.6)
(33.9)
(24.9)
(27.6)

35
93
61
39

28
83
51
63

(15.4)
(40.8)
(26.7)
(17.1)

P

(12.4)
(36.9)
(22.7)
(28.0)

<0.0001

0.10

Table 3.28 continued.
1st quartile
Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

Household/caregiving activity
2nd quartile
3rd quartile

148 (74.4)
51 (25.6)

99 (75.0)
33 (25.0)

49
34
43
50

36
38
20
31

(27.8)
(19.3)
(24.4)
(28.4)

(28.8)
(30.4)
(16.0)
(24.8)

149 (81.0)
35 (19.0)
43
50
50
29

(25.0)
(29.1)
(29.1)
(16.9)

4th quartile

P

102 (69.4)
45 (30.6)

0.11

28
31
35
43

(20.4)
(22.6)
(25.6)
(31.4)

a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to parous women.
P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated using Chi-square
test.
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0.02

Table 3.29. Distribution of participants according to characteristics and
occupational activity. Latina GDM Study, 2000-2004.

Age (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes
2
Pre-pregnancy BMI (kg/m )
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)
History adverse pregnancy outcome
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High
Life events-early pregnancy
<3 life events
3+ life events

1st group

Occupational activity
2nd group
3rd group

177 (36.0)
180 (36.6)
88 (17.9)
47 (9.5)

75
70
42
22

(35.9)
(33.5)
(20.1)
(10.5)

75 (32.8)
91 (39.7)
33 (14.4)
30 (13.10

0.47

458 (93.1)
34 (6.9)

0 (0)
209 (100)

0 (0)
229 (100)

<0.0001

314 (67.8)
108 (23.3)
41 (8.9)

85 (43.4)
81 (41.3)
30 (15.3)

93 (43.3)
86 (40.0)
36 (16.7)

<0.0001

199 (71.8)
57 (20.6)
21 (7.6)

50 (38.8)
63 (48.8)
16 (12.4)

73 (51.0)
51 (35.7)
19 (13.3)

<0.0001

241 (51.9)
223 (48.1)

119 (59.8)
80 (40.2)

113 (52.8)
101 (47.2)

0.16

303 (62.0)
186 (38.0)

151 (73.0)
56 (27.0)

149 (66.0)
77 (34.0)

0.02

179 (36.4)
313 (63.6)

89 (42.6)
120 (57.4)

102 (44.7)
126 (55.3)

0.07

62 (12.8)
177 (36.4)
120 (24.7)
127 (26.1)

25
84
54
45

33
83
54
56

0.85

(12.0)
(40.4)
(26.0)
(21.6)

(14.6)
(36.7)
(23.9)
(24.8)

P

29.6 (15.6)

31.5 (16.4)

32.6 (15.1)

0.05

320 (91.2)
31 (8.8)

126 (94.0)
8 (6.0)

127 (86.4)
20 (13.6)

0.08

351 (73.7)
125 (26.3)

165 (82.5)
35 (17.5)

194 (87.8)
27 (12.2)

<0.0001

467 (97.5)
12 (2.5)

200 (99.0)
2 (1.0)

223 (99.6)
1 (0.4)

0.12

447 (93.3)
32 (6.7)

193 (95.5)
9 (4.5)

214 (95.5)
10 (4.5)

0.35

302 (64.7)
165 (35.3)

147 (76.2)
46 (23.8)

156 (70.3)
66 (29.7)

0.01

237 (67.9)
112 (32.1)

115 (82.1)
25 (17.9)

115 (71.9)
45 (28.1)

0.007

289 (63.7)
165 (36.3)

150 (78.1)
42 (21.9)

136 (64.10
76 (35.9)

0.001

a
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Table 3.29 continued.

Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

1st group

Occupational activity
2nd group
3rd group

248 (71.3)
100 (28.7)

116 (83.5)
23 (16.5)

121 (76.1)
38 (23.9)

0.02

86 (27.7)
73 (23.5)
74 (23.8)

34 (27.0)
33 (26.2)
29 (23.0)

32 (20.0)
43 (26.9)
41 (25.6)

0.70

78 (25.1)

30 (23.8)

44 (27.5)

P

a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to
parous women.

P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated
calculated using Chi-square test.
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Table 3.30. Distribution of participants according to characteristics and active
transportation. Latina GDM Study, 2000-2004.
1st quartile
Age (years)
16-19
20-24
25-29
30-40
Employed (work or student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes
2
Pre-pregnancy BMI (kg/m )
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)
History adverse pregnancy outcome
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High

76
80
42
22

Active living
2nd quartile
3rd quartile

4th quartile

P

(34.6)
(36.4)
(19.1)
(10.0)

90 (32.5)
102 (36.8)
56 (20.2)
29 (10.5)

73
65
29
24

(38.2)
(34.0)
(15.2)
(12.6)

85 (35.9)
95 (40.1)
35 (14.8)
22 (9.3)

0.69

110 (50.2)
109 (49.8)

127 (46.2)
148 (53.8)

98 (51.3)
93 (48.7)

118 (49.8)
119 (50.2)

0.69

120 (58.2)
65 (31.6)
21 (10.2)

135 (51.5)
90 (34.4)
37 (14.1)

104 (58.8)
51 (28.8)
22 (12.4)

130 (56.8)
70 (30.6)
29 (12.7)

0.68

74 (57.8)
40 (31.3)
14 (10.9)

91 (54.2)
57 (33.9)
20 (11.9)

69 (66.4)
28 (26.9)
7 (6.7)

86 (58.5)
46 (31.3)
15 (10.2)

0.62

115 (55.3)
93 (44.7)

133 (50.4)
131 (49.6)

98 (55.4)
79 (44.6)

126 (55.0)
103 (45.0)

0.63

139 (63.8)
79 (36.2)

171 (62.2)
104 (37.8)

129 (68.2)
60 (31.8)

162 (68.6)
74 (31.4)

0.35

80 (36.5)
139 (63.5)

104 (37.6)
173 (62.4)

90 (47.1)
101 (52.9)

95 (40.1)
142 (59.9)

0.12

39
77
50
52

31 (11.3)
100 (36.5)
82 (29.9)
61 (22.3)

24
80
44
40

27 (11.5)
86 (36.6)
50 (21.3)
72 (30.6)

0.06

(17.8)
(35.3)
(22.9)
(23.9)

(12.8)
(42.6)
(23.4)
(21.3)

31.1 (15.8)

32.1 (16.3)

28.5 (14.6)

30.7 (15.6)

0.17

144 991/7)
13 (8.3)

170 (91.4)
16 (8.6)

110 (87.3)
16 (12.7)

143 (90.5)
15 (9.5)

0.59

163 (76.9)
49 (23.1)

214 (80.2)
53 (19.8)

154 (82.3)
33 (17.7)

180 (76.9)
54 (23.1)

0.45

21 (97.7)
5 (2.3)

267 (98.9)
3 (1.1)

184 (98.4)
3 (1.6)

230 (98.3)
4 (1.7)

0.79

205 (94.9)
11 (5.1)

257 (95.2)
13 (4.8)

178 (95.2)
9 (4.8)

215 (91.9)
19 (8.1)

0.34

126 (60.3)
83 (39.7)

196 (73.4)
71 (26.6)

129 (70.9)
53 (29.1)

160 (68.4)
74 (31.6)

0.02

111 (71.1)
45 (28.9)

148 (75.5)
48 (24.5)

95 (73.6)
34 (26.4)

117 (68.8)
53 (31.2)

0.52
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Table 3.30 continued.
1st quartile
Life events-early pregnancy
<3 life events
3+ life events
Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

Active living
2nd quartile
3rd quartile

4th quartile

P

141 (68.4)
65 (31.6)

193 (73.7)
69 (26.3)

115 (65.3)
61 (34.7)

130 (58.3)
93 (41.7)

0.004

117 (74.5)
40 (25.5)

150 (76.9)
45 (32.1)

94 (74.6)
32 (25.4)

127 (74.7)
43 (25.3)

0.94

34 (24.8)
36 (26.3)
35 (25.5)
32 (23.4)

51 (27.8)
48 (26.2)
42 (23.0)
42 (23.0)

28 (23.3)
37 (30.8)
23 (19.2)
32 (26.7)

40 (25.5)
29 (18.5)
42 (26.7)
46 (29.3)

0.47

a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to parous
women. P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated using
Chi-square test.
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Table 3.31. Distribution of participants according to characteristics and total
activity. Latina GDM Study, 2000-2004.
1st quartile
Age (years)
16-19
20-24
25-29
30-40
Employed (work, volunteer, student)
No
Yes
Maternal education
Less than high school
High school/tech school
Undergrad/grad college
Income ($)
<15k
15-30k
>30k
Birthplace
US
Puerto Rico/other
Language preference
English
Spanish/both
Parous
No
Yes
2
Pre-pregnancy BMI (kg/m )
Underweight (<20)
Normal (20-24.99)
Overweight (25-29.99)
Obese (>=30)
Pregnancy weight gain (lb)

Total activity
2nd quartile
3rd quartile

4th quartile

P

124 (53.7)
60 (26.0)
31 (13.4)
16 (6.9)

80 (33.8)
101 (42.6)
40 (16.9)
16 (6.8)

65 (30.2)
81 (37.7)
41 (19.1)
28 (13.0)

46 (20.9)
92 (41.8)
48 (21.8)
34 (15.5)

<0.0001

174 (75.3)
57 (24.7)

134 (56.5)
103 (43.5)

84 (39.1)
131 (60.9)

50 (22.70
170 (77.3)

<0.0001

153 (69.2)
55 (24.9)
13 (5.9)

122 (55.5)
72 (32.7)
26 (11.8)

110 (53.7)
73 (35.6)
22 (10.7)

95 (45.5)
71 (34.0)
43 (20.6)

<0.0001

82 (70.1)
25 (21.4)
10 (8.6)

85 (60.3)
46 (32.6)
10 (7.1)

76 (57.6)
43 (32.6)
13 (9.9)

74 (50.0)
53 (35.8)
21 (14.2)

0.037

124 (55.9)
98 (44.1)

119 (54.1)
101 (45.9)

102 (49.0)
106 (51.0)

118 (56.5)
91 (43.5)

0.41

140 (61.1)
89 (38.9)

164 (69.2)
73 (30.8)

138 (64.8)
75 (35.2)

144 (66.40
73 (33.6)

0.32

131 (56.7)
100 (43.3)

99 (41.8)
138 (58.2)

79 (36.7)
136 (63.3)

51 (23.3)
168 (76.7)

<0.0001

36 (15.8)
91 (39.9)
55 (24.1)
46 (20.2)
32.0 (17.1)

35 (14.9)
81 (34.5)
62 (26.4)
57 (24.3)
30.3 (14.6)

19 (8.9)
84 (39.4)
50 (23.5)
60 (28.2)
30.6 (14.9)

27 (12.4)
80 (36.9)
51 (23.5)
59 (27.2)
30.5 (16.4)

0.36

101 (92.7)
8 97.3)

141 (91.6)
13 (8.4)

141 (90.4)
15 (9.6)

172 (88.7)
22 (11.3)

0.67

181 (79.0)
48 (21.0)

171 (75.3)
56 (24.7)

173 (82.4)
37 (17.6)

173 (79.7)
44 (20.30

0.34

226 (98.3)
4 (1.7)

224 (97.4)
6 (2.6)

206 (98.1)
4 (1.9)

217 (99.5)
1 (0.5)

0.31

215 (93.5)
15 (6.5)

214 (93.0)
16 (7.0)

203 (96.7)
7 (3.3)

205 (94.0)
13 (6.0)

0.37

144 (63.4)
83 (36.6)

157 (68.6)
72 (31.4)

139 (68.5)
64 (31.5)

160 (73.4)
58 (26.6)

0.16

116 (70.30
49 (29.7)

122 (70.1)
52 (29.9)

119 (75.3)
39 (24.7)

98 (71.5)
39 (28.5)

0.71

0.67

a

History adverse pregnancy outcome
No
Yes
Cigarette use
No
Yes
Alcohol use
No
Yes
Illicit drug use
No
Yes
Perceived stress-early pregnancy
Low
High
Perceived stress-mid pregnancy
Low
High
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Table 3.31 continued.
1st quartile
Life events-early pregnancy
<3 life events
3+ life events
Life events-mid pregnancy
<3 life events
3+ life events
Total caloric intake
1st quartile
2nd quartile
3rd quartile
4th quartile

Total activity
2nd quartile
3rd quartile

4th quartile

P

140 (63.9)
79 (36.1)

167 (74.6)
57 (25.5)

139 (67.8)
66 (32.3)

126 (61.5)
79 (38.5)

0.02

122 (73.9)
43 (26.1)

134 (77.5)
39 (22.5)

114 (74.0)
40 (26.0)

107 (77.0)
32 (23.0)

0.82

44 (28.8)
32 (20.9)
36 (23.5)
41 (26.8)

43 (28.1)
35 (22.9)
38 (24.8)
37 (24.2)

38 (28.2)
41 (30.4)
26 (19.3)
30 (22.2)

25 (17.4)
36 (25.0)
40 (27.8)
43 (29.9)

0.21

a=Prior preterm, low birth weight, stillbirth, or infant with anomalies. Association restricted to parous women.
P-values for cells with N<5 were calculated using Fisher's exact test, all others calculated using Chi-square
test.
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Table 3.32. Risk of preterm birth by type and timing of physical activity:
Unadjusted odds ratios and 95% confidence intervals. Latina GDM Study, 20002004.
N
Sports/exercise
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend
Household/
caregiving
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend
Occupationala
1st group
2nd group
3rd group
4th group
Ptrend
Active
transportation
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend
Total activity
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend

Pre pregnancy
OR (95% C.I.)
Cases

N

Early pregnancy
OR (95% C.I.)
Cases

N

Mid pregnancy
OR (95% C.I.)
Cases

232
261
213
227

31
31
18
28

Ref
0.87 (0.51, 1.49)
0.60 (0.32, 1.11)
0.91 (0.53, 1.58)
0.5

211
257
197
255

23
34
16
35

Ref
1.25 (0.71, 2.19)
0.72 (0.37, 1.41)
1.30 (0.74, 2.28)
0.66

143
180
201
192

16
12
20
20

Ref
0.57 (0.26, 1.24)
0.89 (0.44, 1.76)
0.92 (0.46, 1.85)
0.81

268
215
267
215

32
23
27
31

Ref
0.88 (0.50, 1.56)
0.83 (0.48, 1.43)
1.24 (0.73, 2.11)
0.54

280
186
260
228

38
21
23
29

Ref
0.81 (0.46, 1.43)
0.62 (0.36, 1.07)
0.93 (0.55, 1.56)
0.5

160
192
200
168

17
20
18
14

Ref
0.98 (0.49, 1.94)
0.83 (0.41, 1.67)
0.77 (0.36, 1.61)
0.41

257
197
262
222

34
15
40
21

Ref
0.54 (0.29, 1.02)
1.18 (0.72, 1.94)
0.69 (0.39, 1.22)
0.68

492
209
229

61
22
28

Ref
0.83 (0.50, 1.39)
0.98 (0.61, 1.59)

421
100
185

41
13
14

Ref
1.39 (0.71, 2.70)
0.76 (0.40, 1.43)

0.85

0.53

235
200
304
203

30
20
43
18

Ref
0.76 (0.42, 1.38)
1.13 (0.68, 1.86)
0.67 (0.36, 1.23)
0.52

220
277
191
237

31
26
21
32

Ref
0.63 (0.36, 1.10)
0.75 (0.42, 1.36)
0.95 (0.56, 1.62)
0.92

184
138
182
216

20
13
19
17

Ref
0.85 (0.41, 1.78)
0.96 (0.49, 1.86)
0.70 (0.36, 1.38)
0.37

236
228
221
225

26
28
26
27

Ref
1.13 (0.64, 2.00)
1.08 (0.60, 1.92)
1.10 (0.62, 1.95)
0.41

231
237
215
220

30
31
21
26

Ref
1.01 (0.59, 1.73)
0.73 (0.40, 1.31)
0.90 (0.51, 1.57)
0.75

177
170
179
174

19
15
18
15

Ref
0.81 (0.40, 1.64)
0.93 (0.47, 1.84)
0.79 (0.39, 1.60)
0.96

a=Referent group is non-working women; only 3 groups were created for early and mid pregnancy because only
50% of women were working.
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Table 3.33. Risk of preterm birth by change in physical activity from pre to early
pregnancy: Unadjusted and adjusted odds ratios and 95% confidence intervals.
Latina GDM Study, 2000-2004.
a

N

Cases

OR

95% CI

OR

Sports/exercise change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

394
123
241
115

43
14
29
14

Ref
1.05
1.11
1.13
0.62

Ref
0.55, 1.99
0.68, 1.84
0.60, 2.15

Ref
1.07
1.24
1.43
0.35

Ref
0.53, 2.16
0.62, 2.47
0.67, 3.06

Household change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

142
320
278
174

19
43
27
15

Ref
1.00
0.70
0.61
0.07

Ref
0.56, 1.79
0.37, 1.30
0.30, 1.25

Ref
1.22
0.91
0.65
0.16

Ref
0.66, 2.26
0.46, 1.78
0.29, 1.45

Occupational change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

308
92
323
152

35
13
40
14

Ref
1.29
1.11
0.79
0.71

Ref
0.65, 2.55
0.68, 1.79
0.41, 1.53

Ref
1.40
1.18
0.93
0.94

Ref
0.68, 2.89
0.64, 2.15
0.44, 1.94

Active living change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

277
217
202
179

29
27
31
15

Ref
1.22
1.56
0.79
0.94

Ref
0.70, 2.13
0.91, 2.68
0.41, 1.51

Ref
1.39
1.51
0.70
0.64

Ref
0.78, 2.48
0.83, 2.77
0.33, 1.47

Ref
0.53
0.92
0.74
0.41

Ref
0.31, 0.94
0.48, 1.77
0.32, 1.69

Total activity change
25% decrease or greater
202
33
Ref
Ref
5%-25% decrease
357
32
0.50
0.30, 0.85
5% decrease to 5% increase
178
24
0.80
0.45, 1.41
5% increase or greater
102
10
0.56
0.26, 1.18
Ptrend
0.25
a= Adjusted for maternal age, education, pre-pregnancy BMI, and pre-pregnancy activity level
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95% CI

Table 3.34. Risk of SGA by type and timing of physical activity: Unadjusted and
adjusted odds ratios and 95% confidence intervals. Latina GDM Study, 2000-2004.
N
Sports/exercise
1st quartile
2nd quartile
3rd quartile
4th quartile
p-trend
Household/
caregiving
1st quartile
2nd quartile
3rd quartile
4th quartile
p-trend
Occupationala
1st group
2nd group
3rd group
4th group
p-trend
Active
transportation
1st quartile
2nd quartile
3rd quartile
4th quartile
p-trend
Total activity
1st quartile
2nd quartile
3rd quartile
4th quartile
p-trend

Pre pregnancy
OR (95% C.I.)
Cases

Early pregnancy
OR (95% C.I.)
Cases

N

N

Mid pregnancy
OR (95% C.I.)
Cases

232
261
213
227

45
33
25
30

Ref
0.60 (0.37, 0.98)
0.55 (0.33, 0.94)
0.64 (0.38, 1.05)
0.07

211
257
197
255

33
39
24
34

Ref
0.97 (0.58, 1.60)
0.75 (0.43, 1.32)
0.83 (0.49, 1.39)
0.35

143
180
201
192

12
36
26
32

Ref
2.73 (1.36, 5.47)
1.62 (0.79, 3.33)
2.18 (1.08, 4.41)
0.22

268
215
267
215

43
30
34
29

Ref
0.85 (0.51, 1.41)
0.77 (0.47, 1.250
0.82 (0.49, 1.36)
0.35

280
186
260
228

43
28
35
25

Ref
0.98 (0.58, 1.64)
0.86 (0.53, 1.40)
0.68 (0.40, 1.15)
0.14

160
192
200
168

33
33
21
19

Ref
0.80 (0.47, 1.37)
0.45 (0.25, 0.82)
0.49 (0.27, 0.91)
0.004

257
197
262
222

42
32
30
29

Ref
1.00 (0.60, 1.65)
0.66 (0.40, 1.10)
0.77 (0.46, 1.28)
0.14

492
209
229

77
24
28

Ref
0.70 (0.43, 1.14)
0.75 (0.47, 1.19)

421
100
185

68
9
25

Ref
0.51 (0.25, 1.07)
0.81 (0.49, 1.33)

0.15

0.27

235
200
304
203

39
29
42
25

Ref
0.85 (0.51, 1.44)
0.81 (0.50, 1.30)
0.71 (0.41, 1.21)
0.20

220
277
191
237

33
30
35
30

Ref
0.69 (0.40, 1.16)
1.27 (0.75, 2.13)
0.82 (0.48, 1.39)
0.99

184
138
182
216

31
25
23
27

Ref
1.09 (0.61, 1.95)
0.71 (0.40, 1.28)
0.71 (0.40, 1.23)
0.12

236
228
221
225

47
25
25
32

Ref
0.50 (0.29, 0.84)
0.52 (0.31, 0.87)
0.67 (0.41, 1.09)
0.10

231
237
215
220

36
38
22
29

Ref
1.03 (0.63, 1.70)
0.62 (0.35, 1.09)
0.82 (0.49, 1.40)
0.21

177
170
179
174

37
31
19
15

Ref
0.84 (0.50, 1.44)
0.45 (0.25, 0.82)
0.36 (0.19, 0.68)
0.0002

a=Referent group is non-working women; only 3 groups were created for early and mid pregnancy because only 50%
of women were working.
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Table 3.35. Risk of SGA by change in physical activity from pre to early pregnancy:
Unadjusted and adjusted odds ratios and 95% confidence intervals. Latina GDM
Study, 2000-2004.
Adjusted
a
OR

N

Cases

Unadjusted
OR

Sports/exercise change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

394
123
241
115

53
21
33
18

1.00
1.33
1.02
1.19

Ref
0.76, 2.30
0.64, 1.63
0.67, 2.13
0.67

1.00
1.09
0.67
0.75

Ref
0.59, 2.02
0.35, 1.29
0.36, 1.55
0.30

Household change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

142
320
278
174

27
39
31
32

1.00
0.59
0.54
0.96

Ref
0.35, 1.01
0.31, 0.94
0.54, 1.69
0.98

1.00
0.63
0.67
1.04

Ref
0.36, 1.12
0.36, 1.23
0.84, 2.00
0.76

Occupational change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

308
92
323
152

44
10
46
23

1.00
0.73
1.01
1.07

Ref
0.35, 1.52
0.64, 1.56
0.62, 1.85
0.79

1.00
0.70
0.84
1.04

Ref
0.32, 1.54
0.48, 1.48
0.55, 1.54
0.92

Active living change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

277
217
202
179

31
32
36
25

1.00
1.37
1.72
1.29

Ref
0.81, 2.33
1.02, 2.89
0.73, 2.26
0.20

1.00
1.32
1.67
1.25

Ref
0.76, 2.27
0.90, 2.93
0.67, 2.32
0.31

Total activity change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater
Ptrend

202
357
178
102

26
53
28
10

1.00
1.18
1.26
0.74

Ref
0.71, 1.96
0.71, 2.25
0.34, 1.59
0.74

1.00
1.10
1.21
0.73

Ref
0.64, 1.89
0.63, 2.33
0.30, 1.75
0.75

95% CI

95% CI

a = Adjusted for maternal age, pre-pregnancy BMI, parity, maternal education and pre-pregnancy activity level.
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Table 3.36. Multivariable adjusted risk of preterm birth by type and timing of
physical activity: Adjusted odds ratios and 95% C.I.s. Latina GDM Study, 20002004.
Pre pregnancy
OR
95% CI
Sports/exercise activitya
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend
Household/caregiving
activityb
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend
Occupational activitya,c
1st group
2nd group
3rd group
4th group
Ptrend

N=889
1.00
0.86
0.62
0.93

N=903
1.00
0.92
0.95
1.37
N=884
1.00
0.65
1.42
0.89

Active transportation
activitya
1st quartile
2nd quartile
3rd quartile
4th quartile

N=892
1.00
0.81
1.25
0.76

Total activityb
1st quartile
2nd quartile
3rd quartile
4th quartile

N=868
1.00
1.25
1.34
1.29

Early pregnancy
OR
95% CI

Ref
0.49, 1.52
0.33, 1.18
0.52, 1.66
0.6

Ref
0.50, 1.72
0.51, 1.75
0.74, 2.55
0.35

Ref
0.33, 1.29
0.83, 2.42
0.48, 1.65
0.64

Ref
0.42, 1.54
0.73, 2.14
0.40, 1.46
0.86

Ref
0.68, 2.28
0.72, 2.50
0.69, 2.40
0.41

N=865
1.00
1.39
0.79
1.37

N=886
1.00
0.88
0.72
0.94

N=868
1.00
1.02
1.24

Ref
0.77, 2.51
0.39, 1.58
0.76, 2.47
0.6

Ref
0.48, 1.61
0.40, 1.32
0.50, 1.75
0.65

Ref
0.59, 1.77
0.74, 2.06

Mid pregnancy
OR
95% CI
N=689
1.00
0.51
0.74
0.83

N=693
1.00
0.84
0.84
0.74

N=680
1.00
1.60
0.90

0.44

N=868
1.00
0.56
0.77
0.97

N=849
1.00
1.05
0.79
0.99

Ref
0.31, 1.02
0.42, 1.43
0.56, 1.69
0.77

Ref
0.59, 1.87
0.43, 1.48
0.54, 1.83
0.75

Ref
0.40, 1.76
0.40, 1.80
0.32, 1.73
0.52

Ref
0.80, 3.17
0.47, 1.72
0.94

N=693
1.00
0.98
0.92
0.77

N=674
1.00
0.85
1.04
0.96

a= Adjusted for age, education and pre-pregnancy BMI.
b= Adjusted for age, education, pre-pregnancy BMI, and parity.
c= 1st group (referent group) is composed of those who are not employed. Only three groups
were created for early and mid pregnancy because 50% were not employed.
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Ref
0.23, 1.15
0.36, 1.51
0.41, 1.68
0.91

Ref
0.46, 2.09
0.46, 1.87
0.38, 1.55
0.45

Ref
0.40, 1.81
0.50, 2.13
0.45, 2.05
0.96

Table 3.37. Multivariable adjusted risk of SGA by type and timing of physical
activity: Adjusted odds ratios and 95% confidence intervals. Latina GDM Study,
2000-2004.
Pre pregnancy
OR
95% CI
Sports/exercise activity
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend

N=925
1.00
0.66
0.56
0.69

Household/caregiving activity
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend

N=952
1.00
1.10
1.18
1.38

Occupational activity
1st group
2nd group
3rd group
4th group
Ptrend

N=928
1.00
1.01
0.67
0.82

Active transportation activity
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend

N=933
1.00
0.76
0.79
0.66

Total activity
1st quartile
2nd quartile
3rd quartile
4th quartile
Ptrend

N=902
1.00
0.56
0.64
0.91

Ref
0.40, 1.09
0.36, 0.96
0.41, 1.15
0.11

Ref
0.64, 1.89
0.69, 2.03
0.77, 2.45
0.28

Ref
0.60, 1.73
0.39, 1.13
0.48, 1.40
0.23

Ref
0.44, 1.31
0.48, 1.28
0.38, 1.15
0.16

Ref
0.33, 0.96
0.37, 1.11
0.54, 1.52
0.68

Early pregnancy
OR
95% CI
N=910
1.00
0.94
0.84
0.80

N=942
1.00
1.18
1.10
1.12

N=919
1.00
0.71
0.76

Ref
0.56, 1.59
0.47, 1.50
0.47, 1.36
0.36

Ref
0.69, 2.03
0.65, 1.89
0.61, 2.06
0.72

Ref
0.42, 1.18
0.47, 1.23

Mid pregnancy
OR
95% CI
N=712
1.00
2.90
1.58
2.10

N=716
1.00
0.94
0.53
0.69

N=703
1.00
0.50
0.80

0.20
N=914
1.00
0.69
1.11
0.81

N=893
1.00
1.13
0.65
1.13

Ref
0.40, 1.18
0.64, 1.90
0.47, 1.40
0.87

Ref
0.67, 1.92
0.35, 1.19
0.64, 2.00
0.84

Ref
0.53, 1.66
0.28, 1.00
0.34, 1.39
0.10

Ref
0.24, 1.06
0.47, 1.35
0.39

N=716
1.00
1.10
0.60
0.64

N=697
1.00
0.95
0.50
0.44

Estimates adjusted for maternal age, pre-pregnancy BMI, parity, and maternal education.
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Ref
1.42, 5.95
0.75, 3.31
1.01, 4.33
0.34

Ref
0.60, 1.99
0.33, 1.11
0.36, 1.14
0.048

Ref
0.55, 1.65
0.27, 0.92
0.22, 0.86
0.003

Table 3.38. Linear regression of gestational age: Unadjusted and adjusted beta estimates and p-values by type and timing of
physical activity. Latina GDM Study, 2000-2004.

138

Pre pregnancy
Unadjusted
Adjusted*

Early pregnancy
Unadjusted
Adjusted*

Mid pregnancy
Unadjusted
Adjusted*

Sports/exercise
1st quartile
2nd quartile
3rd quartile
4th quartile

β (p-value)
N=933
Ref
0.31 (0.19)
0.58 (0.02)
0.10 (0.69)

β (p-value)
N=870
Ref
0.27 (0.26)
0.55 (0.03)
0.091 (0.71)

β (p-value)
N=920
Ref
0.31 (0.20)
0.53 (0.04)
0.32 (0.19)

β (p-value)
N=854
Ref
0.30 (0.24)
0.51 (0.06)
0.32 (0.21)

β (p-value)
N=716
Ref
0.12 (0.59)
-0.03 (0.89)
0.10 (0.65)

β (p-value)
N=684
Ref
0.14 (0.55)
0.076 (0.74)
0.18 (0.43)

Household/caregiving
1st quartile
2nd quartile
3rd quartile
4th quartile

N=965
Ref
-0.02 (0.93)
0.25 (0.28)
-0.40 (0.10)

N=881
Ref
0.034 (0.89)
0.36 (0.14)
-0.35 (0.18)

N=954
Ref
0.26 (0.28)
0.50 (0.03)
0.12 (0.61)

N=868
Ref
0.21 (0.43)
0.44 (0.07)
0.12 (0.64)

N=720
Ref
-0.15 (0.50)
0.04 (0.86)
0.07 (0.75)

N=688
Ref
-0.081 (0.72)
0.011 (0.96)
0.087 (0.72)

Occupational activity
1st group
2nd group
3rd group
4th group

N=938
Ref
0.26 (0.30)
-0.27 (0.25)
0.38 (0.12)

N=862
Ref
0.048 (0.85)
-0.49 (0.04)
0.16 (0.53)

N=930
Ref
0.20 (0.36)
0.11 (0.59)

N=852
Ref
0.10 (0.66)
-0.009 (0.97)

N=706
Ref
-0.37 (0.10)
0.21 (0.25)

N=675
Ref
-0.49 (0.03)
0.09 (0.65)

Active transportation
1st quartile
2nd quartile
3rd quartile
4th quartile

N=942
Ref
0.26 (0.30)
0.27 (0.24)
0.28 (0.27)

N=871
Ref
0.22 (0.40)
0.23 (0.33)
0.25 (0.32)

N=925
Ref
0.30 (0.21)
0.05 (0.84)
0.16 (0.52)

N=854
Ref
0.35 (0.16)
0.009 (0.97)
0.14 (0.59)

N=720
Ref
0.10 (0.66)
0.12 (0.57)
0.32 (0.12)

N=688
Ref
0.090 (0.70)
0.18 (0.42)
0.34 (0.10)

Total activity
1st quartile
2nd quartile
3rd quartile
4th quartile

N=910
Ref
0.01 (0.95)
0.11 (0.66)
0.002 (0.99)

N=850
Ref
0.026 (0.92)
0.074 (0.77)
-0.045 (0.86)

N=903
Ref
-0.11 (0.65)
0.20 (0.41)
0.14 (0.57)

N=838
Ref
-0.026 (0.92)
0.16 (0.56)
0.10 (0.71)

N=700
Ref
0.31 (0.16)
-0.02 (0.92)
0.31 (0.15)

N=669
Ref
0.33 (0.14)
-0.089 (0.67)
0.28 (0.23)

* Adjusted for maternal age, pre-pregnancy BMI, maternal education, and pregnancy smoking

Table 3.39. Linear regression estimates for gestational age by change in physical
activity from pre to early pregnancy: Unadjusted and adjusted beta estimates and
p-values. Latina GDM Study, 2000-2004.

Sports/exercise change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

Unadjusted
β (p-value)
N=873
Ref
0.29 (0.29)
-0.13 (0.54)
0.13 (0.64)

Multivariable Adjusted*
β (p-value)
N=837
Ref
0.21(0.46)
-0.20 (0.49)
0.032 (0.92)

Household change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=915
Ref
-0.014 (0.96)
0.22 (0.42)
0.49 (0.09)

N=854
Ref
-0.16 (0.56)
0.11 (0.71)
0.44 (0.17)

Occupational change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=876
Ref
0.016 (0.96)
0.13 (0.54)
0.26 (0.32)

N=825
Ref
0.000 (1.00)
0.24 (0.34)
0.20 (0.49)

Active living change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=876
Ref
-0.18 (0.45)
-0.24 (0.30)
-0.063 (0.80)

N=833
Ref
-0.26 (0.29)
-0.17 (0.52)
-0.002 (0.99)

Total activity change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=839
Ref
0.27 (0.25)
0.10 (0.71)
0.58 (0.07)

N=805
Ref
0.33 (0.17)
0.087 (0.80)
0.50 (0.17)

* Adjusted for maternal age, pre-pregnancy BMI, maternal education, pregnancy smoking,
and pre-pregnancy activity level.
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Table 3.40. Linear regression of birth weight: Gestational age-adjusted and multivariable-adjusted beta estimates and pvalues. Latina GDM Study, 2000-2004.
Pre pregnancy
GA Adjusted
Adjusted
β (p-value)
β (p-value)

Early pregnancy
GA Adjusted
Adjusted
β (p-value)
β (p-value)

Mid pregnancy
GA Adjusted
Adjusted
β (p-value)
β (p-value)

N=932
Ref
16.91 (0.66)
49.89 (0.22)
8.80 (0.82)

N=888
Ref
3.92 (0.92)
64.39 (0.11)
2.42 (0.95)

N=920
Ref
20.85 (0.60)
17.52 (0.68)
14.27 (0.72)

N=865
Ref
23.23 (0.56)
-8.93 (0.93)
5.21 (0.89)

N=716
Ref
-31.68 (0.51)
-23.56 (0.62)
-50.37 (0.29)

N=689
Ref
-28.41 (0.55)
-1.65 (0.97)
-40.30 (0.39)

Household/caregiving
1st quartile
2nd quartile
3rd quartile
4th quartile

N=964
Ref
61.94 (0.11)
91.84 (0.012)
100.21 (0.010)

N=902
Ref
14.24 (0.72)
18.66 (0.64)
0.012 (1.00)

N=953
Ref
18.01 (0.65)
57.77 (0.11)
91.64 (0.015)

N=885
Ref
-13.83 (0.74)
4.56 (0.91)
17.87 (0.68)

N=720
Ref
91.62 (0.046)
162.53 (0.0004)
190.61 (<0.0001)

N=693
Ref
79.03 (0.089)
136.93 (0.004)
144.49 (0.006)

Occupational activity
1st group
2nd group
3rd group
4th group

N=937
Ref
-20.35 (0.61)
29.35 (0.43)
27.33 (0.48)

N=883
Ref
-14.97 (0.71)
24.91 (0.52)
8.32 (0.84)

N=929
Ref
92.71 (0.008)
34.31 (0.31

N=867
Ref
92.59 (0.010)
41.89 (0.23)

N=706
Ref
133.3 (0.006)
30.11 (0.43)

N=680
Ref
126.65 (0.007)
16.24 (0.67)

Active transportation
1st quartile
2nd quartile
3rd quartile
4th quartile

N=941
Ref
36.87 (0.37)
29.17 (0.43)
72.10 (0.077)

N=891
Ref
30.43 (0.46)
1.28 (0.97)
64.36 (0.12)

N=924
Ref
36.39 (0.34)
-6.26 (0.88)
10.21 (0.80)

N=867
Ref
35.64 (0.36)
6.73 (0.87)
-9.76 (0.81)

N=720
Ref
-26.41 (0.59)
37.61 (0.41)
16.16 (0.70)

N=693
Ref
-12.56 (0.79)
68.73 (0.13)
36.22 (0.40)

Total activity
1st quartile
2nd quartile
3rd quartile
4th quartile

N=909
Ref
49.19 (0.66)
109.61 (0.006)
81.14 (0.039)

N=867
Ref
29.46 (0.45)
51.65 (0.20)
19.94 (0.62)

N=903
Ref
23.40 (0.55)
65.33 (0.10)
73.60 (0.065)

N=849
Ref
13.29 (0.74)
45.19 (0.27)
14.15 (0.74)

N=700
Ref
97.97 (0.034)
168.83 (0.0002)
145.70 (0.0016)

N=674
Ref
86.92 (0.058)
154.97 (0.0007)
91.22 (0.053)

Sports/exercise
1st quartile
2nd quartile
3rd quartile
4th quartile
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GA denotes gestational age at birth; Ref denotes referent category.
Multivariable adjusted models included gestational age, height, pre-pregnancy BMI, maternal age, education and parity.

Table 3.41. Linear regression of birth weight by change in physical activity:
Gestational-age adjusted and multivariable adjusted beta estimates and p-values.
Latina GDM Study, 2000-2004.

GA adjusted

Multivariable Adjusted*

β (p-value)

β (p-value)

Sports/exercise change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=873
Ref
-3.2 (0.94)
-3.0 (0.93)
-22.6 (0.62)

N=837
Ref
9.3 (0.84)
13.9 (0.76)
-29.6 (0.57)

Household change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=914
Ref
65.5 (0.12)
116.2 (0.008)
-16.5 (0.73)

N=853
Ref
50.7 (0.24)
103.4 (0.02)
-1.7 (0.97)

Occupational change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=875
Ref
30.6 (0.54)
16.7 (0.62)
-7.4 (0.86)

N=824
Ref
55.2 (0.28)
54.8 (0.18)
14.7 (0.75)

Active living change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=875
Ref
-41.3 (0.29)
-76.1 (0.05)
-34.8 (0.39)

N=832
Ref
-42.0 (0.28)
-62.2 (0.13)
-11.0 (0.80)

Total activity change
25% decrease or greater
5%-25% decrease
5% decrease to 5% increase
5% increase or greater

N=839
Ref
-37.0 (0.32)
-28.6 (0.51)
12.3 (0.81)

N=805
Ref
-6.2 (0.87)
13.8 (0.77)
61.5 (0.27)

* Adjusted for maternal age, pre-pregnancy BMI, maternal education, pregnancy smoking,
gestational age, and pre-pregnancy activity level. GA denotes gestational age at birth
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